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Title of the Invention 
Chitin Hydrogels, Methods of Their Production and Use 



Field of Invention 



This invention is directed to the preparation and utilization of 
supplemented chitin hydrogels, such as chitosan hydrogels. Further provided 
are biomaterials comprising same. The particular supplement delivered by the 
chitin hydrogel is selected as a function of its intended use. 

Background of the Invention 

Chitin.(or a derivative thereof) is a polysaccharide composition prepared 
from the shells of arthropods, including crustaceans or insects. The material 
is biocompatible and naturally resorbed by the body, and has been previously 
used for sustained drug release, bone induction and hemostasis (Chandy and 
Sharma, Biomat. Art. Cells & Immob. Biotech. 79:745-760 (1991); 
Klokkevold, P. etal., J. Oral Maxillofac. Sur. 50:41-45 (1992)). 

Surgical adhesives and tissue sealants have been used for sealing internal 
and external wounds, such as in bones and skin, to reduce blood loss and 
maintain hemostasis. Biologically-derived tissue sealants typically contain 
blood clotting factors and other blood proteins. One type of tissue sealant, 
referred to as fibrin sealant or fibrin glue, is a gel similar to a natural blood clot 
which is prepared from plasma. The precise components used to produce a 
specific fibrin sealant are a function of the particular plasma fraction which is 
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— - a suning maKrial; however> wicaUy flbrin ^ ^ ^ 

prolems which disadvanugeous.y include teombta ^ ^ Qf 
fibronectin and p lMminogen , which ^ ^ ^ ^ ^ ^ ^ 

° f PlaSma ■""*»■ K. In addition, bioadhesives nave 

proven unsuccessfu. in pan because in many cases commercially available 
preparations of fibrin gl ne and tissue sea,aa,s are ,oo dense ,o allow ceU 
mtgratiou i„,o and .hrough me maKrial lo pcrmit satisfec , ory ^ 
Thts ltm„s their effectiveness in ma ny in „Vo nses for which a mng-fel, need 
remained unti. ta discovery of <he presen, chitin hydroge, as an effective 
delivery system 



<*• Plasma Proteins 

Plasma proteins are any protein fonnd within the plasma of a patient or 
which is fonnd in the plasma of a norma, individuai or animal, bn, which is 
absent or deficient in the patien, ( e. g , hemophilias). Particularly relevant to the 
present invention are plasma protein members of the blood Coning cascade 
mchtdmg those Coning factors which are thrombin sensitive; ma, is, those 
blood cloning factor molecules which have been shown to include one or more 
bmdmg sites for thrombin. Al. coagulation p roI e ms (e . s „ Factors ^ K 
vna. Protein O have shot, circulating half-lives. Upon exposure to circulating 
thrombin, the mrombin-sensitive plasma prot e ins , ^ ^ FacR>r R ^ 
possibly Factor Vm are soon inactivated. 

The chitin hydregel of te p reS en, inventjoD> 
effecnve system for the delivery of intact plasma proteins, inc,„di„ e thrombin- 
sensitive plasma pnaeins. Piasma proems include, bu, are no, llmit ed to. me 
followmg: albumin; immunoglobulins, mclndmg hnmunoglobulin A, M and G- 
fibrmogen: coagulation facrors. including Factors U, VII, Vm, IX. X and Xffi- 
Plasminogen; protein C; p ro tei„ S; plasma proteinase 
antimrombinn,. ni-antinypsin, a2-macrog,ohu,m, and C. cerase inhibitor; 
«l-ac.d g,ycoprotein; centioplasmtn; haptog, obi „ ; traiKfetlin; complenKnt 
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components CI through C9; C4b binding protein; interalpha-trypsin inhibitor; 
apolipoproteins, including A-l, A-ll, B. C and E; fibronectin and angiostatin. 

b. Growth Factors 

When a tissue is injured, polypeptide growth factors, which 
exhibit an array of biological activities, are released into the wound where they 
play a crucial role in healing (see, e.g., Hormonal Proteins and Peptides (Li, 
C.H., ed.) Volume 7, Academic Press, Inc., New York, N.Y. pp. 231-277 
(1979) and Brunt et al., Biotechnology 6:25-30 (1988)). These activities 
include recruiting cells, such as leukocytes and fibroblasts, into the injured 
area, and inducing cell proliferation and differentiation. Growth factors that 
may participate in wound healing include, but are not limited to: platelet- 
derived growth factors (PDGFs); insulin-binding growth factor-1 (IGF-1) 
insulin-binding growth factor-2 (IGF-2); epidermal growth factor (EGF) 
transforming growth factor-a (TGF-a); tramforming growth factor-P (TGF-p*) 
platelet factor 4 (PF-4); and heparin binding growth factors one and two 
(HBGF-1 and HBGF-2, respectively). 

PDGFs are stored in the alpha granules of circulating platelets and are 
released at wound sites during blood clotting (see, e.g., Lynch et al., J. Clin. 
Invest. 54:640-646 (1989)). PDGFs include: PDGF; platelet derived 
angiogenesis factor (PDAF); TGF-P; and PF^, which is a chemoattractant for 
neutrophils (Knighton et al. , in Growth Factors and Other Aspects of Wound 
Healing: Biological and Clinical Implications, Alan R. Liss, Inc., New York, 
New York, pp. 319-329 (1988)). PDGF is a mitogen, chemoattractant and a 
stimulator of protein synthesis in cells of mesenchymal origin, including 
fibroblasts and smooth muscle cells. PDGF is also a nonmitogenic 
chemoattractant for endothelial cells (see, for example, Adelmann-Grill et al., 
Eur. J. Cell Biol. 57:322-326 (1990)). 

IGF-1 acts in combination with PDGF to promote mitogenesis and 
protein synthesis in mesenchymal cells in culture. Application of either PDGF 
or IGF-1 alone to skin wounds does not enhance healing, but application of 
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both factors together appears to promote connective tissue and epithelial tissue 
growth (Lynch et al., Proc. Natl. Acad. Sci. 76:1279-1283 (1987)) 

TGF-P is a chemoattractant for macrophages and monocytes. Depending 
upon the presence or absence of other growth factors, TGF-P may stimulate or 
inhibit the growth of many cell types. 

Other growth factors, such as EGF, TGF-a, the HBGFs and osteogenin 
are also important in wound healing. Topical application of EGF accelerates 
the rate of healing of partial thickness wounds in humans (Schultz et al 
Science 255:350-352 (1987)). Osteogenin, which has been purified from 
demineralked bone, appears to promote bone growth (see, e.g., Luyten et al., 
J.BioLChem. 26*13377(1989)). In addition, platelet-derived wound healing 
formula, a platelet extract which is in the form of a salve or ointment for 
topical application, has been described (see, e.g. . Knighton et al. , Ann. Surg. 
204:322-330 (1986)). 

The heparin binding growth factors (HBGFs), including the fibroblast 
growth factors (FGFs), which include acidic HBGF (aHBGF also known as 
HBFG-1 or FGF-1) and basic HBGF (bHBGF also known as HBGF-2 or FGF- 
2), are potent mitogens for cells of mesodermal and neuroectodermal lineages, 
including endothelial cells (see, e.g., Burgess et al., Ann. Rev. Biochem. 
55:575-606 (1989)). In addition, HBGF-1 is chemotactic for endothelial cells 
and astroglial cells. Both HBGF-1 and HBGF-2 bind to heparin, which protects 
them from proteolytic degradation. The array of biological activities exhibited 
by the HBGFs suggests that they play an important role in wound healing. 

Basic fibroblast growth factor (FGF-2) is a potent stimulator of 
angiogenesis and the migration and proliferation of fibroblasts (see, for 
example, Gospodarowicz etal., Mol. Cell. Endocinol. 46:187-204 (1986) and 
GosvoAnowicz etal.,Endo. Rev. 5:95-114(1985)). Acidic fibroblast growth 
factor (FGF-1) has been shown to be a potent angiogenic factor for endothelial 
cells (Burgess etal., supra, 1989). Other FGF's may be chemotactic for 
fibroblasts. Growth factors are, therefore, potentially useful for specifically 
promoting wound healing and tissue repair. 
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However, to date, the art has provided inadequate means for applying 
a growth factor to a wound to achieve a prolonged contact between the wound 
and the growth factor. This problem has been overcome by the chitin hydrogel 
of the present invention. 

c. Bone Wounds and Their Repair 

The sequence of bone induction was first described by Urist et al. using 
demineralized cortical bone matrix (Clin. Orthop. Rel. Res. 77:271 (1970) and 
Proc. Natl. Acad. Sci. USA 70:3511 (1973)). Implanted subcutaneously in 
allogeneic recipients, demineralized cortical bone matrix releases factors which 
act as local mitogens to stimulate the proliferation of mesenchymal cells (Rath 
et al.. Nature (Lond.) 275:855 (1979)). New bone formation occurs between 
12 and 18 days postimplantation. Ossicle development replete with 
hematopoietic marrow lineage occurred by day 21 (Reddi, A., In Extracellular 
Matrix Biochemistry (Piez et al., ed.) Elsevier, New York, NY, pp. 375-412 
(1984)). 

Demineralized bone matrix (DBM) is a source of osteoinductive proteins 
known as bone morphogenetic proteins (BMP), and growth factors which 
modulate the proliferation of progenitor bone cells (see, e.g. , Hauschka et al., 
J. Biol. Chem. 261 : 12665-1267 r 4 (1986) and Canalis et al., J. Clin. Invest. 
5i:277-281 (1988)). Eight BMPs have now been identified and are abbreviated 
BMP-1 through BMP-8. BMP-3 and BMP-7 are also known as osteogenin and 
osteogenic protein-1 (OP-1), respectively. 

Unfortunately, DBM materials have little clinical use unless combined 
with particulate marrow autografts. There is a limit to the quantity of DBM 
that can be surgically placed into a recipient's bone to produce a therapeutic 
effect. In addition, resorption has been reported to be at least 49% (Toriumi 
et al. , Arch. Otolaryngo. Head Neck Surg. 776:676-680 (1990)). 

DBM powder and osteogenin may be washed away by tissue fluids 
before their osteoinductive potential is expressed. In addition, seepage of tissue 
fluids into DBM-packed bone cavities or soft-tissue collapse into the wound bed 



WO 96/41818 



PCT/US96/10146 



-6- 

are two factors that may significantly affect the osteoinductive properties of 
DBM and osteogenin. Soft-tissue collapse into the wound bed may likewise 
inhibit the proper migration of osteocompetent stem cells into the wound bed. 
Moreover, DBM in powder form is difficult to use. 

Purified BMPs have osteoinductive effects in animals when delivered by 
a variety of means including fibrin glue (Hattori, T., Nippon. Seikeigeka 
Gakkai. Zasshi. 64:824-834 (1990); Kawamura etal., Clin. Orthop Rel Res 
235:302-310(1988); Schlag Clin. Orthop. Rel. Res. 227:269-285 (1988) 

and Schwarz et al., Clin. Orthop. Rel. Res. 255:282-287 (1989)) and whole 
blood clots (Wang et al., J. Cell. Biochem. 75F:Q20 Abstract (1990)). 
However, Schwarz et al. (supra.) demonstrated neither a clear positive or 
negative effect of a matrix on ectopic osteoinduction or BMP-dependent 
osteoregeneration. Kawamura et al. (supra.) found a synergistic effect when 
partially purified BMP in a biomatrix was tested in an ectopic non-bony site. 
Consequently, the prior art presents an inconsistent and confusing picture of the 
applicability of delivery of an osteogenic supplement to a patient from a tissue 
sealant. 



d. Vascular Prostheses 

Artificial vascular prostheses, frequently made of dacron or 
polytetrafluoroethylene (PTFE), are used to replace diseased blood vessels in 
humans and other animals. To maximize patency rates and minimize the 
thrombogenicity of vascular prostheses, various techniques have been used 
including seeding of nonautologous endothelial cells onto the prothesis 
Various substrates which adhere both to the vascular graft and endothelial cells 
have been investigated as an intermediate substrate to increase endothelial cell 
seeding. However, the use of nonautologous cells for the seeding the surface 
of the substrate raises the possibility of tissue rejection. See e.g., Schrenk 
etal., Thorac. Cardiovasc. Surg. 35:6-10 (1986). In addition, a confluent 
endothelium usually requires months to established, if it can be established at 
all. The delay results in a high rate of failure due to occlusion of the vascular 
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prosthesis (see, e.g., Zilla etal., Surgery 105:515-522 (1989). This problem 
has been overcome by the chitin hydrogel of the present invention. 

e. Angiogenesis 

Angiogenesis is the induction of new blood vessels. Certain growth 
factors such as HBGF-1 and HBGF-2 are angiogenic. However, their in vivo 
administration when attached to: collagen sponges (Thompson et al., Science 
241:1349-1352 (1988)); beads (Hayek etal., Biochem. Biophys. Res. Common. 
747:876-880 (1987)); solid PTFE fibers coated with collagen arranged in a 
sponge-like structure (Thompson et al., Proc. Natl. Acad. Sci. USA 56:7928- 
7932 (1989)); or by infusion (Puumala et al.. Brain Res. 554:283-286 (1990)) 
resulted in the generation of random, disorganized blood vessels. Until the 
discovery of the present invention, these growth factors had not been used 
successfully to direct the growth of new blood vessels at a given site in vivo. 

f. Site-Directed, Localized Drug Delivery 

An efficacious, site-directed, drug delivery system is greatly needed in 
several areas of medicine. For example, localized drug delivery is needed in 
the treatment of local infections, such as in periodontitis, where the systemic 
administration of antimicrobial agents is ineffective. The problem after 
systemic administration usually lies in the low concentration of the 
antimicrobial agent which can be achieved at the target site. To raise the local 
concentration a systemic dose increase may be effective, but it also may 
produce toxicity, microbial resistance and drug incompatibility. 

To circumvent some of these problems, several alternative methods have 
been devised, but none are ideal. For example, collagen and/or fibrinogen 
dispersed in an aqueous medium as an amorphous flowable mass, and a 
proteinaceous matrix composition which is capable of stable placement, have 
also been shown to locally deliver drugs (Luck et al., U.S. Reissue Patent 
33,375; Luck et al. , U.S. Patent 4,978.332). Fibrin sealants have been used 
to deliver a variety of antibiotics, but only at relatively low concentrations and 
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for relatively short periods of time ranging from a few hours to a few days 
(Kram et al., J. Surg. Res. 50:175-178 (1991)). Most of the antibiotics have 
been m freely water soluble forms and have been added during the preparation 
of the tissue sealant. However, their delivery is hampered by the limitations 
of the fibrin delivery system, which are overcome by the chitin hydrogel of the 
present invention. 

The incorporation of tetracycline hydrochloride tetracycline 
hydrochloride (TET HC1) and other freely water soluble forms of antibiotic has 
often mterfered with polymerization during the formation of an antibiotic- 
supplemented fibrin matrix (Schlag et al., Biomaterials 4:29-32 (1983)) Thus 
the amount and concentration of the TET HC1 that could be formulated with the' 
hydrogel may be antibiotic-concentration dependent. 

g- Controlled Drug Release 

For some clinical applications controlled, localized drug release is 
desirable. Although, some drugs, especially antibiotics, have been incorporated 
into and been released from biomatrices, little or no control over the duration 
of the drug release has been possible. This is, at least partially, a reflection of 
therelativelyshortlifeofmedrug-supplementedbiomatrix. Therefore there 
remams a long-felt need in the art to provide a means for extended, localized 
drug release, as are new techniques for the incorporation and extended release 
of other supplements from a biocompatible delivery system. This need is 
satisfied by the chitin hydrogel of the present invention. 

Local implantation of antibiotics in a matrix has become popular in the 
treatment of wounds, such as open fractures or acute and chronic osteomyelitis 
Several substances have been employed as the delivery vehicle with 
polymethylmethacrylate (PMMA) being the most commonly utilized vehicle 
(Buchholz, H.W. et al., J. Bone Joint Surgery (British) 65:342-353 (1981)- 
Buchholz, H.W. et aL, Clin. Orthop. 790:96-108 (1984); Christian, E p' 
et al. , J. Bone Joint Surg. (American) 77:994-1004 (1989); Majid, S A et al 
Acta Orthop. Scand. 56:265-268 (1985)). PMMA-antibiotic, which is 
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surgically implanted after debriment of wound, is capable of significantly 
increasing local tissue levels of antibiotics while decreasing dead space. 
However, the major disadvantage of PMMA therapy is it is non-resorbable. 
If left in the wound after the antibiotic has eluted, it can act as a foreign body 
and additional surgery is required for its removal. 

For example, acute osteomyelitis is a rapidly progressing infection of 
bone whereas the chronic form of osteomyelitis results from a long-standing 
infection of the bone (Waldvogel, FA, "Acute Osteomyelitis," In: Orthopaedic 
Infection, ed. by D. Schlossberg, New York, Springer-Verlag, 1988, pl-8). 
Acute osteomyelitis can be successfully treated with antibiotics provided the 
disease is diagnosed early, while for the chronic form, successful treatment 
requires debriment of the wound and administration of antibiotics. Antibiotics, 
an adjunct to thorough debridement, usually are administered systemically. 
However, conventional antibiotic systemic therapy results in the release of a 
therapeutically ineffective levels of antibiotics at the site of infection (Dash, A. 
and Suryanarayanan, R., Pharmaceut. Res. 9:993-1002 (1992)). Systemic 
treatment can also result in serious toxicity. Furthermore, the cost of large 
amounts of antibiotics used for systemic treatment may restrict therapy. 

One solution to overcome the negative effects of systemic antibiotic 
therapy for osteomyelitis is local antibiotic delivery. Local antibiotic delivery 
can reduce systemic side effects by using a fraction of the systemic antibiotic 
dose to combat the infection. Local deposition of antibiotics has become 
increasingly popular in the treatment of osteomyelitis (Waldvogel (1988), 
supra), and several substances have been used as antibiotic delivery vehicles, 
however, none provide the advantages of the chitin hydrogel of the present 



invention. 



h. The Disclosed Preparations Provide Life-Saving Emergency Treatment 
for Trauma Wounds 

Despite continued advances in trauma care, a significant percentage of 
the population, both military and civilian, suffer fatal or severe hemorrhage 
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every year. An alarming number of fatalities are preventable since the occur 
in the presence of those who could achieve life-saving control of their wounds 
given adequate tools and training. The availability of the herein-disclosed 
chitin hydrogel satisfies the long-felt need for a advanced, easy-to-use, field- 
ready delivery system which can be effectively combined with the advantages 
of a hemostatic preparation. 

The disclosed technology would also be available for the treatment of 
massed casualties in disaster situation, when the availability of the easy-to-use, 
self-contained hydrogel preparations disclosed below will permit local medical 
personnel and disaster relief workers to provide the injured with temporary 
treatment until definitive care becomes available. Moreover, the disclosed 
chitin hydrogel preparations will permit self-treatment in disaster victims, until 
medical assistance can be provided. 

Summary of the Invention 

In one embodiment, this invention provides a composition of matter, 
comprising a chitin hydrogel or chitin-derived hydrogel, wherein the hydrogei 
does not inhibit mil-thickness skin wound healing. 

In another embodiment, this invention provides a composition of matter 
comprising a supplemented hydrogel comprising at least one growth factor. 

In another embodiment, this invention provides a composition of matter 
comprising a supplemented hydrogel comprising at least one growth factor 
and/or a drug. 

In another embodiment, this invention provides a composition of matter 
that promotes the directed migration of animal cells, comprising: a hydrogel; 
and an effective concentration of at least one growth factor, wherein the 
concentration of the growth factor is effective in promoting the directed 
migration of the animal cells. 

In another embodiment, the present invention provides a composition 
of matter that promotes wound healing, comprising: a hydrogel; and an 
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effective concentration of at least one growth factor, wherein the concentration 
is effective in promoting wound healing. 

In another embodiment, the present invention provides a composition 
of matter that promotes the endothelialization of a vascular prosthesis, 
comprising: a hydrogel; and an effective concentration of at least one growth 
factor, wherein the concentration is effective in promoting the endothelialization 
of a vascular prosthesis. 

In another embodiment, the present invention provides a composition 
of matter that promotes the proliferation and/or differentiation of animal cells, 
comprising: a hydrogel; and an effective concentration of at least one growth 
factor, wherein the concentration is effective in promoting proliferation and/or 
differentiation of animal cells. 

In another embodiment, the present invention provides a composition 
of matter that promotes the localized delivery of at least one drug. 

In another embodiment, the present invention provides a composition 
of matter that promotes the localized delivery of at least one growth factor. 

In another embodiment, the present invention provides a process for 
promoting the healing of wounds, comprising applying to the wound, a 
composition that contains a supplemented hydrogel and an effective 
concentration of at least one growth factor, wherein the concentration is 
effective to promote wound healing. 

In another embodiment, the present invention provides a process for 
promoting the endothelialization of a vascular prosthesis, comprising applying 
to the vascular prosthesis a composition that contains a chitin hydrogel and an 
effective concentration of at least one growth factor, wherein the concentration 
is effective to promote the endothelialization of a vascular prothesis. 

In another embodiment, the present invention provides a process for 
promoting the proliferation and/or differentiation of animal cells, comprising 
placing the cells in sufficient proximity to a chitin hydrogel which contains an 
effective concentration of at least one growth factor, wherein the concentration 
is effective in promoting the proliferation and/or differentiation of the cells. 
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In a further embodiment, the present invention provides a process for 
the localized delivery of at least one drug to a tissue, comprising applying to 
the tissue a chitin hydrogel which contains at least one drug. 

In another embodiment, the present invention provides a process for the 
localized delivery of at least one growth factor to a tissue, comprising applying 
to the tissue a chitin hydrogel which contains at least one growth factor. 

In another embodiment, this invention provides a process for producing 
the directed migration of animal cells, comprising: placing in sufficient 
proximity to the cells, a chitin hydrogel which contains an effective 
concentration of at least one growth factor, wherein the concentration is 
effective to produce the desired directed migration of said cells. 

In another embodiment, this invention provides a simple to use, fast 
acting, field-ready bandage for applying a hydrogel to wounded tissue in a 
patient, comprising an occlusive backing, affixed to which is a layer of dry 
materials comprising an effective amount of dry, purified chitin or chitosan to 
produce a tissue-sealing hydrogel matrix upon hydration. Further embodiments 
pertain to the use and preparation of the chitin bandage. 

In yet another embodiment, this invention provides a simple to use, fast 
acting, field-ready dressing for treating wounded tissue in a patient, is 
formulated as an expandable foam comprising an effective amount of purified 
chitin or chitosan to produce a tissue-sealing hydrogel matrix upon hydration. 
Further embodiments pertain to the use and preparation of the chitin dressing. 

In another embodiment, this invention provides a mixture of chitin 
hydrogel, DBM and/or purified BMP's. This mixture provides a matrix that 
allows the cellular components of the body to migrate into it and thus produce 
osteoinduction where needed. The matrix composition, enzymes (such as 
thrombin and plasmin), BMPs, growth factors and DBM and their 
concentrations are adequately formulated to optimize the longevity of this 
temporal scaffolding structure and the osteoinduction which needs to occur. All 
of the chitin hydrogel components are biodegradable, but during osteogenesis 
the mixture provides a non-collapsible scaffold that can determine the shape and 
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location of the newly formed bone. Soft tissue collapse into the bony nonunion 
defect, which is a problem in bone reconstructive surgery, will thus be avoided. 
The use of hydrogel supplemented with growth factors such as CIF-A and CIF- 
B, infra, which promote cartilage development, will be useful in the 
reconstruction of lost, damaged or missing cartilage and/or bone. 

In a preferred embodiment, an effective concentration of HBGF-1 is 
added to a chitin preparation to provide a growth factor-supplemented chitin 
hydrogel that possesses the ability to promote wound healing. In another 
preferred embodiment, an effective amount of a platelet-derived extract is added 
to the chitin hydrogel. 

In other preferred embodiments, an effective concentration of a mixture 
of at least two growth factors are added to the chitin hydrogel and an effective 
amount of the growth factor-supplemented hydrogel is applied to the wounded 
tissue. 

In addition to growth factors, drugs, polyclonal and monoclonal 
antibodies, oligonucleotides and other compounds, including, but not limited 
to, DBM, BMPs, osteogenic or cartilage inducing compositions may be added 
to the hydrogel. They accelerate wound healing, combat infection, neoplasia, 
and/or other disease processes, mediate or enhance the activity of the growth 
factor in the hydrogel, and/or interfere with hydrogel components which inhibit 
the activities of the growth factor in the hydrogel. These drugs may include, 
but are not limited to: antimicrobial compositions, including antibiotics, such 
as tetracycline, ciprofloxacin, and the like; antimycogenic compositions; 
antivirais, such as gangcyclovir, zidovudine, amantidine, vidarabine, ribaravin, 
trifluridine. acyclovir, dideoxyuridine, and the like, as well as antibodies to 
viral components or gene products; antifungals, such as diflucan, ketaconizole, 
nystatin, and the like; and antiparasitic agents, such as pentamidine, and the 
like. The drugs may further include anti-inflammatory agents, such as a- 1 -anti- 
trypsin, a-l-antichymotrypsin, and the like; cytokines and interferons, such as 
a- or p- or y -interferon, a- or P-tumor necrosis factor, and the like, and 
interleukins. 
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In an additional preferred embodiment, an effective concentration of 
cytotoxin or cell proliferation inhibiting composition is delivered by the chitin 
hydrogel. An effective concentration at least one cytotoxin or cell proliferation 
inhibiting composition is added to the chitin hydrogel. 

In another embodiment, genetically altered cells and/or other cells may 
also be included in the hydrogels of this invention. 

In additional embodiments, anything which does not destroy the matrix 
or the supplementary components added thereto can be added to the hydrogels 
of this invention. 

In another embodiment, the supplemented hydrogel can be used to 
organoids and conld contain, for example, grown, factors snch as FGF-1 
FGF-2, FGF-4 and OP-,, or any recognized grow* factor, including those 
listed above. 

In another embodiment, this invention provides a composition that 
promotes the localized delivery of a poorly water soluble fonn of an antibiotic 
such as the free base form of TET, and/or other drug. 

In another embodiment, the present invention provides a method for 
cross-linking a chitin hydrogel. 

to another embodiment, the present invention provides a system for the 
delivery of a supplement from a chitin hydrogel. 

In another embodiment, the present Invention provides a composition 
of matter for subcutaneous delivery that pn.mo.es me control, extended 
release of proteins for absorption into the blood stream. 

In another embodiment, the present invention provides a composition 
of matter that promotes the delivery of coagulation proteins or factors or 
anticoagulant proteins or factors. 

In another embrfunem, the present invention provides a composition 
of matter *, promoKS to „ f ^ 

or injecting by subcunmeous, intradermal, intermuscular, inuaperitoneal or 
tntravenous injection a chitin hydroge. which contains a. leas, one p,asma 
protein, whereupon the cnncemrarton is effective to achieve therapy levels 
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in situ or in the blood stream in individuals who have congenital or acquired 
deficiencies or defects of the protein. 

In another embodiment, the present invention provides a composition 
of matter that promotes the delivery of Factor IX, comprising injecting or 
applying by subcutaneous, intradermal, intramuscular, intraperitoneal or 
intravenous injection of a chitin hydrogel which contains Factor IX, whereupon 
the concentration is effective to achieve therapeutic levels in the blood plasma 
in individuals with Hemophilia B. 

In another embodiment, the present invention provides a composition 
of matter that promotes the delivery of Factor VHI, comprising injecting or 
applying by subcutaneous, intradermal, intramuscular, intraperitoneal or 
intravenous injection a chitin hydrogel which contains Factor VHI, whereupon 
the concentration is effective to achieve therapeutic levels in the blood plasma 
in individuals with Hemophilia A 

The present invention has several advantages over previously used 
compositions and methods. The first advantage is that the growth factor- 
and/or drug-supplemented chitin hydrogels of the present invention have many 
of the characteristics of an ideal biodegradable carrier, namely: they can be 
formulated to be free of non-mammalian proteins, thus eliminating or 
minimizing immunogenicity problems and foreign-body reactions; their 
administration is versatile; and their removal from the host's tissues is not 
required because the matrices are degraded by the host's own natural lytic 
system. 

A second advantage is that the present invention provides a good way 
to effectively deliver growth factors, analgesics, antimicrobial compositions, 
anti-inflammatory compounds, antibodies, anticoagulants, antiproliferatives, 
cytokines, cytotoxins, chemotherapeutic drugs, interferons, hormones, 
hydroxyapatite, lipids, oligonucleotides, osteoinducers, polymers, 
polysaccharides, proteoglycans, polypeptides, protease inhibitors, proteins 
(including plasma proteins), steroids, vasoconstrictors, vasodilators, vitamins, 
minerals, stabilizers and the like, for a prolonged period of time to an internal 
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or external wound. „ ^ ft ^ ^ ^ 

growth factor receptors must be occupied for a, leas. 12 hours „ produce a 
maxima, biological effect. Previously, there was no way to do this ^ 
present invention aUows for prolonged contact between te ^ factor ^ 

tts teceptors to occur, and thus allows for the product o, strong bioiogica. 
effects. 

■ A third advantage of the present invention is that animal cells can 

mtgrate into and through, and grow in the chitin hydroge, of the present 

prosmeses. which cannot be achieved using commercially available European 
tissue sealants. F 

A fourth advantage is mat because of its mhial liquid Mmre , ^ 

hydrogel of me present invention can cover surfaces more thoroughly and 
complex than mny previously ^ ^ ^ ^ 

nnpnnan, for the use of the present invention in coating biomaterials and in 
Ptomonng the endothellaUzanon of a biomaterial, ^ h ^ . vascuta 
Tb. supplement hydroge, wiU no, only coat me interior and exterior of me 
vascular proamesia, out aiso fl „ the pores contained therein, permimng me 
actual tnducrion of migrating ee„s into me biomaterial. As . ^ 
engraftnent of autologous endothelia. ce„s „i„ occur along the who.e ,engm 
of me vascular prosthesis, thereby decreasing its thrombogenicity and 
anngentcity. fteviousiy, engramnent started a, the ends of me vascular 
prosthests and proceeded, i, a. all, toward the interior of the same To date 
total engramnent of a blomateria! into a human is unconmmn.' plta ari ly 
because de,ay S aUow thrombogenicity and antigenicity to develop. Moreo J 
prev.ously used vascular prostheses ta ta prjlmri|y ^ ^ 
nonautologous cells, enhancing the possibflity of rejection by me body The 
cells were easUy washed off by the sneartag force of b,ood passing through a 
vascular prosthesis. 

A fifth advantage is that me supplemented hydrogela of the present 
mvenuon can be molded at* thus can be custom made into almost any desired 
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shape. For example, the chitin hydrogel can be supplemented with BMPs 
and/or DBM and can be custom made into the needed shape to most 
appropriately treat a bone wound. This cannot be done with DBM powder 
alone, because DBM powder will not maintain its shape. Moreover, the 
supplemented chitin hydrogel can be readily dried into thin sheets. 

A sixth advantage is that the antibiotic-supplemented hydrogel of this 
invention, such as with TET, has been found to unexpectedly increased the 
longevity and stability of the chitin hydrogen, as compared to that of the 
unsupplemented hydrogel. This increased stability continues even after 
appreciable quantities of the antibiotic no longer remain in the matrix. For 
example, soaking a newly formed hydrogel in a saturated solution of TET 
produced from free base TET, or in a solution of CIP HC1, produces a matrix 
which is stable and preserved even after substantially all the TET or CIP has 
dissipated. As a result, one can expect an increased storage shelf life of the 
hydrogel, and possibly an increased persistence in vivo. 

The seventh advantage of the present invention is a direct result of the 
prolonged longevity and stability of the chitin hydrogel. As a result of this 
unexpected increase in stability of the matrix, antibiotic or antiproliferative- 
supplemented hydrogel can be used to produce localized, long term delivery of 
a drug and/or a growth factor, and the like. This delivery will continue even 
after the stabilizing drug, such as TET or CIP, has substantially left the matrix. 
Inclusion of a solid form, preferably a poorly water soluble form of a drug, 
such as in free base form, into a matrix that has been stabilized by, for 
example, TET or CIP, permitting site-specific delivery of the supplement for 
an extended period of time. Some forms of drugs, such as free base TET, 
advantageously allow for both stabilization of the matrix and prolonged drug 
delivery, while other drugs may do one or the other, but not both. Such 
applications are not previously known in the art. 

An eighth advantage of the present invention is that it allows site- 
directed angiogenesis to occur in vivo. While others have demonstrated 
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localized non-specific angiogenesis, no one else has used a chitin hydrogel to 
promote site-directed angiogenesis. 

A ninth advantage of the present invention is that because the 
components of the chitin hydrogel can be formulated into several forms of 
simple to use, fast-acting field dressings, it is now possible to control bleeding 
from hemorrhaging trauma wounds, thereby saving numerous lives that 
previously would have been lost. Although life-saving methods of treating such 
wounds are possible by trained medical personal or in fully-equipped clinics 
and hospitals, the present invention satisfies society's long-felt need for an 
easy-to-use, first-aid (or even self-applied) treatment that will, in emergency or 
disaster situations, allow an untrained individual to treat traumatic injuries to 
control hemorrhage until medical assistance is available. 

A tenth advantage of the present invention is that, because the 
components of the chitin hydrogel can be formulated so as to release proteins 
and polypeptides at controlled rates for extended times, it is now possible to 
deliver proteins into peripheral sites by subcutaneous, intradermal 
intramuscular, intraperitoneal or intravenous injection, in chitin hydrogel' 
formuladons which will release the protein at a rate suitable for absorption of 
the protein into the blood plasma at therapeutic and/or prophylactic levels. 

Brief Description of the Figures 

Fig. 1. Tetracycline release from NOC-chitosan matrices under limited 
sink conditions. The concentration of NOC-chitosan was 66 mg/ml and the 
amount of tetracycline in each disk was 50 mg. Error bars represent the 
standard deviation for n = 5. 

Fig. 2. Tetracycline release from NOC-chitosan matrices under infinite 
sink conditions. The concentration of NOC-chitosan was 66 mg/ml and the 
amount of tetracycline in each disk was 50 mg. Error bars represent the 
standard deviation for n = 5. 
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Fig. 3. Ciprofloxacin release from NOC-chitosan matrices under 
limited sink conditions. The concentration of NOC-chitosan was 66 mg/ml and 
the amount of ciprofloxacin in each disk was 50 mg. Error bars represent the 
standard deviation for n = 4. 

Fig. 4. Ampicillin release from NOC-chitosan matrices under limited 
sink conditions. The concentration of NOC-chitosan was 66 mg/ml and the 
amount of ampicillin in each disk was 50 mg. Error bars represent the standard 
deviation for n = 4. 

FIG. 5. Release of DEXF from NOC-chitosan (62 mg/ml), NOC- 
chitosan (26mg/ml) and NOC-chitosan-PL (62+8mg/ml) composite matrix. 

FIG. 6. Release of FTX from NOC-chitosan (62mg/ml) and NOC- 
chitosan-PL (62 + 15mg/ml) composite matrix. Two conditions of no swelling 
(NS) and free swelling (FS) are shown here as described in the text. Elution 
buffers from alternate days were analyzed by ELISA. 

Description of the Preferred Embodiments 

Definitions 

Unless defined otherwise, all technical and scientific terms used herein 
have the same meaning as is commonly understood by one of skill in the art to 
which this invention belongs. All patents and publications mentioned herein are 
incorporated by reference. 

A "polysaccharide" as used herein, refers to a compound comprised of 
hundreds or even thousands of monosaccharide units/molecule. These units are 
held together by glycoside linkages. 

"Chitin" as used herein, is a polysaccharide composition prepared from 
the shells of arthropods, particularly crustacean or insects, which is broadly 
used to include chemical derivatives of the polysaccharide, further including 
cross-linked derivatives. The term is particularly meant to include all soluble 
chitin derivatives and all carboxymethyl chitosans, wherein "chitosan" is meant 
to include any polysaccharide produced by hydrolysis of acetamido groups of 
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N-acetyl glucosan in chitin. Further encompassed is NOC-chitosan, a water 
soluble chitin derivative formed by carboxymethlyation of biomedical grade 
chitosan. U.S. Patent No. 4,619,995 to Hayes, herein incorporated by 
reference, sets forth the composition and preparation of NOC-chitosan The 
polysaccharide or its derivatives can be prepared in powder or solid form from 
freeze- or air-dried chitin, or from ground chitin as originally produced 

A "cross-linked chitin hydrogel" of the type used in the bandage or in 
the wound dressing of the present invention, refers to a hydrogel wherein the 
chitm component is cross-linked to form a stable matrix by the addition of a 
cross-linking agent. Such agents may include, but are not limited to glyoxal 
gluteraldehyde, PEG succinamide, PEG succimidyl succinate or PEG 
succimidyl propionate, wherein, however, the particular cross-linking agent 
selected is not critical to the specific embodiment. 

A "hydrogel" as used herein, refers to a semisolid composition 
consulting a substantial amount of water, and in which polymers or mixtures 
thereof are dissolved or dispersed. 

The term "supplemented" as used herein, refers to any addition of a 
supplementary composition or compound, or any combination thereof to the 
chKin hydrogen. The addition may be made during the preparation or 
hydration of the chitin hydrogel. It may be mixed with the chitin components 
m dry, liquid or gelled form prior to hydration, or it may be added to the 
hydrogel as the matrix sets-up after hydration, or it may be added as in by 
soaking, after the hydrogel has been prepared. Alternately, any one of the 
supplements may be supplied to the hydrogel by the hydrating agent 
Furthermore, the supplement may be added by any combination of the above 
describe addition mechanisms. 

The term "hydrating agent" as used herein, is meant to broadly refer to 
any physiologically acceptable hydrating liquid or gel that can sufficiently 
hydrate the chitin components to form a hydrogel. Exemplary hydrating agents 
may include water, saline, buffers, and the like. 
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A "supplemented chitin hydrogel" as used herein, includes any hydrogel 
prepared from chitin or any chemical, enzymatic or biological derivative 
thereof that, without substantial modification, can serve as a carrier vehicle for 
the delivery of one or more analgesics, antimicrobial compositions, anti- 
inflammatory compounds, antibodies, anticoagulants, antiproliferatives, 
cytokines, cytotoxins, chemotherapeutic drugs, growth factors, interferons, 
hormones, hydroxyapatite, lipids, oligonucleotides, osteoinducers, polymers, 
polysaccharides, proteoglycans, polypeptides, protease inhibitors, proteins 
(including plasma proteins), steroids, vasoconstrictors, vasodilators, vitamins, 
minerals, stabUizers, and the like, or mixtures thereof, and that, by virtue of 
its physical matrix, chemical characteristics and/or adsorptive properties, can 
maintain contact with the site for a time sufficient for the supplemented to 
deliver an effective amount of the supplement to produce its desired effect, for 
example to promote wound healing. 

A "matrix" as used herein, refers to the structural properties or 
architecture of a solid or semi-solid (including a hydrogel) in which other 
components may be cast, mixed, dispersed or dissolved. 

A "plasma protein" as used herein, refers to any protein found within 
the plasma of a patient, or which is found in the plasma of a normal individual 
or animal, but which is absent or deficient in the patient (e.g, hemophilias). 
Particularly relevant to the present invention are plasma protein members of the 
blood clotting cascade, including those clotting factors which are thrombin 
sensitive; that is, those blood clotting factor molecules which have been shown 
to include one or more binding sites for thrombin. Included within this term, 
however, are the following: albumin; immunoglobulins, including 
immunoglobulin A, M and G; fibrinogen; coagulation factors, including 
Factors H, VII, VIE, DC, X and XIII; plasminogen; protein C; protein S; 
plasma proteinase inhibitors, including antithrombin m, a 1 -antitrypsin, a2- 
macroglobulin, and CI esterase inhibitor; ccl-acid glycoprotein; ceruloplasmin; 
haptoglobin; transferrin; complement components CI through C9; C4b binding 
protein; interalpha-trypsin inhibitor; apolipoproteins, including A-l. A-ll, B, 
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C and E; fibronectin and angiostatin; also including all coagulation proteins 
(e.g., Factors II, VII, Vila, vm, DC, X, Xm. protein C, and the like) 

"Factor IX" (FIX) as used herein, refers to a plasma glycoprotein that 
plays a pivotal role in blood coagulation. A congenital X-linked deficiency of 
biologically active FIX results in hemophilia B (Christmas disease), a 
potentially life-threatening bleeding disorder. 

The terms "localized" or "site-specific" are used interchangeably herein 
.to mean delivery of a supplement within a limited area, as opposed to a 
"systemic" delivery through the body of a patient. Systemic therapy often 
results in a therapeutically ineffective level of an antibiotic, drug or the like at 
the site of interest (wound, infection and the like). Systemic treatment can also 
result in serious toxicity. Furthermore, the cost of large amounts of each 
supplement used for systemic treatment may restrict therapy. By comparison 
localized delivery can reduce systemic side effects by using a fraction of the 
systemic antibiotic dose to combat the infection. 

"Sustained release" or "long term release or delivery" are phrases used 
interchangeably herein, to mean longer than the expected delivery of a 
supplement from a chitin hydrogel matrix based solely upon diffusion kinetics 
Typically, delivery will be at least a day or more, and may extend to weeks or 
months. The long term release can be achieved by any of a number of 
mechanisms. The supplement may be added to the chitin hydrogel as a solid 
The supplement may be added in solution in a carrier or hydrting agent which 
has a higher rate of diffusion than that of the chitin hydrogel so that upon 
dxffusion of the carrier or hydrating agent from the hydrogel, the supplement 
precipitated within the matrix. Ethanol would be such a carrier The 
supplement may be precipitated into the matrix from a supersaturated solution 
The supplement may be added in such a mass as to exceed the volume which 
would be soluble in the hydrogel. The supplement may be added as an 
emulsion or dispersion, for example, in a lipid or oil-based carrier. Release of 
the supplement from the hydrogel may also be delayed because of specific 
physical or biochemical interactions with the chitin hydrogel matrix. 
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A "wound" as used herein, refers to any damage to any tissue in a living 
organism. The tissue may be an internal tissue, such as the stomach linine or 
a bone, or an external tissue, such as the skin. As such, a wound may include 
but is not limited to. a gastrointestinal tract ulcer, a broken bone, a neoplasia 
and cut or abraded skin. A wound may be in a soft tissue, such as the spleen 
or in a hard tissue, such as bone. The wound may have been caused by any 
agent, including traumatic injury, infection or surgical intervention. 

A "biomaterial" as used herein, refers to any physiologically useful 
matenal which can be coated or infused with the chitin hydrogel and placed into 
the body of a patient, or further coated with additional material includine viable 
cells before being placed into the patient. The biomaterial may be formed, for 
example, into vascular grafts, orthopedic devices, such as hip or joint 
replacements, catheters, indwelling shunts and implants, bone or canilage 
replacements, dental or periodontal tissue replacements, contact lens, an 
artificial covering for burned ussue, and the like. 

A "growth factor-supplemented chitin hydrogel" as used herein, is a 
hydrogel prepared from chitin, or any chemical, enzymatic or bioloeical 
derivative thereof, to which at least one growth factor has been added at a 
concentration that is effective for its stated purpose. The growth factor can. for 
example, accelerate, promote or improve wound healing, or tissue 
(re)generation. The growth factor-supplemented chitin hydrogel may also 
contain additional components, including drugs, antibodies, anticoaeulants and 
other compounds that: 1) potentiate, stimulate or mediate the biological activity 
of a growth factor in the chitin hydrogel; 2) decrease the activities of 
components of the growth factor-supplemented chitin hydrogel which would 
inhibit or destroy the biological activities of a growth factor in the hydrogel; 3) 
allow prolonged delivery of the supplement from the chitin hydrogel; or 4) 
possess other desirable properties. 

A "potentiating compound" as used herein, is a regulatory compound 
that mediates or otherwise increases the biological activity of a growth factor 
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in the chitin hydroge.. Heparin is an example of a compound ,ha, potential 
the biological activity of HBGF-1. 

An -inhibiting compound" as used herein, is a regulator compound tha, 
tnhtbns, imerferes with. or 0Iherwise § ^ ^ 

component of me ehi.in hydroge, ma, „„ u ,d interfere with or inhibit me 
bto.ogical activity of a growth factor or factors in me chitin hvdroge, 
Inhtbttmg compounds may exen their effect by protecting me arowm factor 
from degradation. An inhibiting compound does not, however, inhibit any 
activities tha, ate essentia, for the desired properties, such as. for example 
wound heaiing of the growth factor-supp,eme„,ed chitin hvdroge,. An exampte 
of an tnhibiting compound is heparin. Thus, i, is clear that in cemin 
ctrcumstances. the same regmatory compound may be. at the same time a 
promoter compound for the supp,ementary growth factor and an inhibitor of 
fac.0,5 which would caherwise have a deleterious effect on the desired activity 
of the growth factor. 

A "growth factor" as used herein, includes any soluble factor that 
regulates or mediates cell proliferation, cell differentiation, tissue reeeneration 
cell attraction, wound repair and/or any developmental or proliferative process 
The growth factor may be produced by any appropriate means includine 
extract™ from natural sources, production through synthetic chemistry^ 
production through the use of recombinant DNA techniques and any other 
techniques, including virally inactivated, growth factor(s)-rich platelet releasate 
which are known to those of skill in the an. The term growth factor is meani 
to mclude any precursors, mutants, derivatives, or other forms thereof which 
possess similar biological activity (i es ). or a subset thereof, to those of the 
growth factor from which it is derived or otherwise related. 

"HBGF-1." which is also known to those of skill i n the art Dy 
alternate names, such as endothelial cell growth factor (ECGF) and FGF-1 
as used herein, refers to any biologically active form of HBGF-1 including 
HBGF-ip, which is the precursor of HBGF-la and other truncated forms such 
as FGF. U.S. Patent No. 4.868.113 to Jaye e< aL, herein incorporated bv 
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reference. sets forth the amino acid sequences of each form of HBGF. HBGF-1 
thus includes any biologically active peptide, including precursors, truncated 
or other modified forms, or mutants thereof that exhibit the biological 
activities, or a subset thereof, of HBGF-I. 

Other growth factors may also be known to those of skill in the art by 
alternative nomenclature. Accordingly, reference herein to a particular growth 
factor by one name also includes any other names by which the factor is known 
to those of skill in the art and also includes any biologically active derivatives 
or precursors, truncated mutant, or otherwise modified forms thereof. 

"Biological activity" as used herein, refers to one or all of the activities 
that are associated with a particular growth factor in vivo and/or in vitro. 
Generally, a growth factor exhibits several activities, including mitogenic 
* activity (the ability to induce or sustain cellular proliferation) and also non- 
mitogenic activities, including the ability to induce or sustain differentiation 
and/or development. In addition, growth factors are able to recruit or attract 
particular cells from which the proliferative and developmental processes 
proceed. For example, under appropriate conditions HBGF-1 can recruit 
endothelial cells and direct the formation of vessels therefrom. By virtue of 
this activity, growth factor-supplemented chitin hydrogel may thereby provide 
a means to enhance blood flow and nutrients to specific sites. 

"Extended longevity" as used herein, means at least a two fold increase 
in the visually observable, useful in vitro lifespan of a chitin hydrogel. 

"Demineralized bone matrix" (DBM) as used herein, means the organic 
matrix of bone that remains after bone is decalcified with hydrochloric or 
another acid. 

"Bone morphogenetic proteins" (BMPs) as used herein, means a group 
of related proteins originally identified by their presence in bone-inductive 
extracts of DBM. At least 8 related members have been identified and are 
designated BMP-l through BMP-8. The BMPs are also known by other names. 
BMP-2 is also known as BMP-2A. BMP-4 is also known as BMP-2B. BMP-3 
is also known as osteogenin. BMP-6 is also known as Vgr-1. BMP-7 is also 
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known as OP-1. Thus, BMP is meant to include, but is not limited to BMP-1 
through BMP-8. 

"Augmentation" as used herein, means using a supplemented or 
unsupplemented chitin hydrogcl to change the internal or external surface- 
contour of a component of an animal's body. 

A "damaged bone" as used herein, is a bone which is broken, fractured 
missing a portion thereof, or otherwise not healthy, normal bone. 

A "deficient bone" as used herein, is a bone which has an inadequate 
shape or volume to perform its function. 

"Bone" or "DBM" as used herein, which is used to supplement a chitin 
hydrogel can be in the form of powder, suspension, strips or blocks or other 
forms as necessary to perform its desired function. 

An "organoid" as used herein, means a structure that may be composed 
of natural, artificial, or a combination of natural and artificial elements that 
wholly or in part, replaces the function of a natural organ. An example would 
be an artificial pancreas consisting of a network of capillaries surrounded by 
cells transfected with an expression vector containing the gene for insulin 
Such an organoid would function to release insulin into the bloodstream of a 
patient with Type I diabetes. 

In the embodiments of this invention, the hydrogel mav be chitin 
chitosan, or any hydrogel-forming derivative of chitin. Varyine the 
concentration of the chitin material and cross-linking material may affect the 
density of the final matrix and vary the setting times. While this effect is 
readily known, it is not generally appreciated that it may be used to maximize 
the effectiveness of the matrix as a delivery vehicle, when used alone or 
supplemented. Because of this effect one can alter the time between the mixine 
of the chitin components and the setting of the hydrogel. Thus, one can allow 
the hydrogel to, for example, flow freely into deep crevices in a wound 
permitting it to fill the wound completely before the matrix sets. Alternatively 
one can allow the chitin hydrogel to set quickly enough to prevent it from 
exiting the wound site, especially if the wound is leaking fluid under pressure 
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(/.*., blood, lymph, intercellular fluid, etc). This property is also important to 
keep the hydrogel from clogging delivery devices with long passages, i.e.. 
catheters, endoscopes, etc.. which is important to allow the application of the 
chitin hydrogel or supplemented hydrogel to sites in the body that are only 
accessible by surgery. This effect is also important in keeping the insoluble 
supplements in suspension and preventing them from settling in the applicator 
or in the tissue site. 

In the compositions of this invention containing a growth factor, the 
composition may contain an inhibiting compound and/or potentiating 
compound, wherein the inhibiting compound inhibit the activities of the 
hydrogel that interfere with any of the biological activities of the growth factor, 
the potentiating compound potentiate, mediate or enhance any of the biological 
activities of the growth factor, and wherein the concentration of the inhibiting 
and/or potentiating compound is effective for achieving the inhibition! 
potentiation, mediation or enhancement. Also applicable in this embodiment 
are regulatory compounds which simultaneously exhibit an inhibiting effect on 
exogenous factors, while at the same time potentiating, mediating or enhancing 
the effect of a growth factor contained within the matrix. 

The growth factor-supplemented hydrogels of this invention are useful 
for promoting the healing of wounds, especially those that do not readily heal, 
such as skin ulcers in diabetic individuals, and for delivering growth factors 
including, but not limited to, angiogenins; endothelins; hepatocyte growth 
factor and keratinocyte growth factor: fibroblast growth factors, including 
fibroblast growth factor-1 (FGF-1). fibroblast growth factor-2 (FGF-2), and 
fibroblast growth factor-4 (FGF-4); platelet-derived growth factors (PDGF); 
insulin-binding growth factors (IGF), including insulin-binding growth factor-1 
and insulin-binding growth factor-2: epidermal growth factor (EGF); 
transforming growth factors (TGF), including transforming growth factor-cc and 
transforming growth factor-p: cartilage-inducing factors (CIF), including CIP-A 
and CIP-B; osteoid-inducing factor (OIF); osteogenin and other bone growth 
factors; bone morphogenetic growth factors (BMP), including BMP-1 and 
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BMP-2: collagen growth factor: heparin-binding growth factors, include 
heparin-binding growth factor-1 and heparin-binding growth factor-2: 
cytokines: interferons: hormones and biologically active derivatives thereof, 
and providing a medium for prolonged contact between a wound site and the 
growth factor. 

The growth factor-supplemented chinn hydrogel may be used to treat 
burns and other skin wounds and may comprise a hydrogel supplemented with 
one or more of the following: a growth factor, an antibiotic and/or an 
analgesic, etc. The growth factor-supplemented hydrogel mav be used to aid 
in the engraftment of a natural or artificial graft, such as skin to a skin wound 
They may also be used cosmetically, for example in hair transplants, where the 
hydrogel might contain FOR EGF. antibiotics and minoxidil, as well as other 
compounds. An additional cosmetic use for the compositions of this invention 
is to treat wrinkles and scars instead of using silicone or other compounds to 
do so. In this embodiment, for example, the hydrogel may contain FGF-1, 
FGF-4, and/or PDGFs, and fat cells. 

The growth factor-supplemented hydrogels may be applied to surgical 
wounds, broken bones or gastric ulcers and other such internal wounds in order 
to promote healing thereof. The hydrogels of this invention may be used to aid 
the integration of a graft, whether artificial or natural, into an animal's body as 
for example when the graft is composed of natural tissue. The hydrogels of 
this invention can be used to combat some of the major problems associated 
w.th certain conditions such a, periodontitis, namely persistent infection, bone 
resorption, loss of ligaments and premature re-epithelialization of the dental 
pocket. 

In addition to growth factors, drugs, polyclonal and monoclonal 
antibodies, oligonucleotides and other compounds, including, but not limited 
to, DBM, BMPs, osteogenic or cartilage inducing compositions may be added 
to the hydrogel. They accelerate wound healing, combat infection, neoplasia 
and/or other disease processes, mediate or enhance the activity of the growth 
factor in the hydrogel. and/or interfere with hydrogel components which inhibit 
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the activities of the growth factor in the hydrogel. These drugs may include, 
but are not limited to: antimicrobial compositions, including antibiotics, such 
as tetracycline, ciprofloxacin, and the like: antimycogenic compositions; 
antivirals, such as gangcyclovir, zidovudine, amantidine, vidarabine. ribaravin. 
trifluridine, acyclovir, dideoxyuridine. and the like, as well as antibodies to 
viral components or gene products: antifungals, such as diflucan. ketaconizole, 
nystatin, and the like; and antiparasitic agents, such as pentamidine, and the 
like. The drugs may further include anti-inflammatory agents, such as a-l-anti- 
trypsin, a-l-antichymotrypsin. and the like; cytokines and interferons, such as 
a- or p- or y-interferon, a- or P-tumor necrosis factor, and the like, and 
interleukins. 

An effective concentration of cytotoxin or cell proliferation inhibiting 
composition may also be delivered by the chitin hydrogel. An effective 
concentration at least one cytotoxin or cell proliferation inhibiting composition 
is added to the chitin hydrogel, which upon delivery may act as an alkylating 
agent, enzyme inhibitor, proliferation inhibitor, lytic agent, DNA synthesis 
inhibitor, membrane permeability modifier, DNA intercalate^ metabolite, 
mustard derivative, protein production inhibitor, ribosome inhibitor, inducer 
of apoptosis, angiogenesis inhibitor, neurotoxin, and the like. More 
specifically the cytotoxin or cell proliferation inhibiting composition delivered 
by the chitin hydrogel may include, for example. 5-fluorouracil (5-FU), taxol 
and/or taxotere, actinomycin D, adriamycin, azaribine. bleomycin, busulfan, 
butyric acid, carmustine, chlorambucil, cisplatin, cytarabine, cytarabine, 
dacarbazine, estrogen, hormone analogs, insulins, hydoxyurea. L-asparaginase, 
lomustine, melphalan, mercaptopurine, methotrexate, mitomycin C. 
prednisone, prednisone, procarbazine, steroids, streptozotocin. testosterone, 
thioguanine, thiotepa, tributyrin. vinblastine, vincristine, gentamycin. 
carboplatin, cyclophosphamide, ifosphamide. maphosphamide. retinoic acid, 
ricin. diphtheria toxoid, venoms, antistatin or other plasminogen derivatives, 
and functionally equivalent analogs thereof: colony stimulating factors; 
erythropoietin;; steroids: anesthetics; analgesics: and hormones. The above- 
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mentioned drugs may be used to Teat, reverse or prevent neoplasias cel. 
hyperproliferarion. Neurotoxins, inching antibiotics having neurotoxic effecIS 
such as gemamycin. mav also ^ ^ „ ^ ^ ^ ^ 

Meneir's disease. One o, more of ^ above-mentioned cytomxins or ceii 
proltferation imbuing compositions may oc advanIageous , v ^ 
ehtrin bydroge, with any of above-referenced anaigesics, a„, imicrobia , 
compositions, anti-inflammatory compounds ^ 
anuproliferatives, cytokines, cytotoxins , chemoIherapcutjc ^ ^ 
facrors. mterferons. homtones. hydroxyapaure. bpids. octreotides 
osteotnducers, powers, polysaccharides, pro.eogl y caus, polypeptides' 
protease inhibitors, proteins (including plasma pr0Kim) ^ 
vasoconstrictors, vasodilators, vitamins, minerals, stabilizers, and me like 

Omer compounds which may be added to me hydrogel include, but are 
no, .united to: vitamins and 0Iher „ utrjIjOTa| suppJenw 

glycoproteins; flbronectin; peptides and proteins: carbohydrates (both simple 
and/or complex); proteoglycans; antiangiogenins; antigens: oligonucleotides 
(sense and/or antisense DNA and/or RNA); BMPs: DBM: osteogenic and 
cartilage inducing conditions; antibodies (for example, ro infectious aaenrs 
mmors. drugs or hormones); and gene therapy agents: anticoaauianrs' 
hormones; hydroxyaparite; lipids; polymers: polysaccharides; polvpeptides-' 
protease inhibitors: proteins (including p la sma prottta s,. ' steroids' 
vasoconstricrors; vasodilators; minerals: stabilizers, and the like 

The studies reported herein, unexpected* demonstrate tat me iaclusion 
of compounds such as the free base TET or ciprofloxacin HC1 (CIP-HC1) in 
hydrogel or me treatment of hydroge, therewith confers exrended longevity to 
the supplemented hydrogel. This phenomenon can be exploited to increase the 
duration of a drug's release from the hydrogel. Alternatively, this phenomenon 
can be exploited to modulate the re,ease ofdrugs other man me compound used 
to stabilize the hydrogel. which is also incorporated into the TET-hydroael 
and/or to cause me matrix ro persist for a grearer period in vivo or in vi,ro ' 
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In general, poorly water soluble forms of a drug, such as the free base 
of TET. increase the delivery of the drug from the hydrogel more than freely 
water soluble forms thereof. Therefore, the drug may be bound to an insoluble 
carrier, such as activated charcoal, within the hydrogel to prolong the delivery 
of the drug from the supplemented hydrogel. 

Preparation of Supplemented Chitin Hydrogel 

As a first step when practicing any of the embodiments of the invention 
disclosed herein, the supplement must be selected. The supplement may be 
prepared by methods known to those of skill in the an. may be purchased from 
a supplier thereof, or may be prepared according to the methods of this 
application. In a preferred embodiment, growth factor, drug-or DBM- 
supplemented chitin hydrogel is prepared. 

In any of the embodiments of the present invention the supplement may 
be added to any of the components before they are mixed. 

Preparation of Chitin Hydrogel 

In certain embodiments of this invention such as. but not limited to. 
vascular prostheses, and bone and cartilage augmentation, a hydrogel which 
allows cells to migrate into and/or through it may preferably be used. 

Any chitin or its derivative, such as a commercially available chitosan. 
may be used in some embodiments of this invention. For these uses, such as 
localized drug delivery, the particular composition of the selected chitin or 
derivative is not critical as long as it functions as desired. Commercially 
available chitin derivatives may be supplemented with growth factors, 
antibiotics and/or other drugs for use in the embodiments of this invention 
including, but not limited to: cellular proliferation and/or differentiation: drug 
delivery; growth factor delivery: tissue generation or regeneration- 
endothelialization of a vascular graft or shunt; and the like. 

In a preferred embodiment of this invention, the total polysaccharide 
concentration in the hydrogel is from about 1 to 120 mg/ml. In a more 
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Purred embodiment. , he toIaJ polysaccharide concemration jn ^ 

- mm about ,0 ,o ,00 mg/ml. ,„ d,e most preftrred ^ ^ 

polysaccharide concentradon in ,he prepared chitosan is from abou, 20 to 80 
mg/mL 

In preparing the chiIosa , SKrj , e w for ^ 
ptamacotogicaHy acceptabie buffer, such as PBS. or hydradng agent shou.d 

Aithough the concentration*) of growth factory drues and other 
compounds win vary depending on the desired objecrive. the concemradons 
must be grea, enough to a»ow mem to be effecrive to accomp,ish dteir stated 
purpose. ,n a preferred embodimen, of mis invention, the growd, factor 
concendadon is from abou, 1 „ g/ml „ , mg/ml of c „ iIjn ^ ^ 

preferred embodimen,. the growth factor concentration is from abou. 1 „ e/m , 
to 100 „w of chidn hydrngel. ,„ the m prcfcmd ^ ^ 

fecnar concendadon is from about 5 M g/m, to 20 „ g/ml of chitin ^ 

a preferred embodimen. of dus invention the TET or CJP concentration is iron, 
0.0. to 350 mg,nd cWlin hvdroge , ,„ . m ^ 

■nvennon the TET or CTP concenrration is 0.0,-200 mg/m,. ,„ dte most 
prefers embodimenr of dds invendon dte TET or CIP concentradon is 
,-,30 mg/ml. The amount of the supplemems to be added can be empirically 
determined by one of s k i„ i„ the „ by Ksti „ g varfous 

sefecung that which is effecrive for me intend purpose and me site of 
application. 

Preparation of Growth Factors 

The growth facto, or mixrures thereof, may be prepared by any me.bC 
known ro those of skiu in me an or may be purchased commercial A„v 
grown factor may be se,ecred inCuding. bu, „„ t toned to. for examp,e 
growd, factors ma, sdmu,a K me proHferadon and/or adracion of cenain ceii 
types, such as endo,he,ia, ceHs. fibrob,asts. epithelial cells, smooth musc.e 
«„s. hepatoses, and kerarinocyKs. and/or growd, facors which inhibi, me 
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growth of the same cell types and smooth muscle cells. Such selection may be 
dependent upon the particular tissue site for which the growth factor- 
supplemented chitin hydrogel will be applied and/or the type of effect desired. 
For example, an EGF-supplemented chitin hydrogel may be preferred for 
application to wounds in the eye and for treating gastric ulcers while an 
osteogenin-supplemented chitin hydrogel may be preferred for application to 
bone fractures and bone breaks in order to promote healing thereof. 

In another preferred embodiment HBGF-1B was prepared and added to 
chitin hydrogel. HBGF-lp, or HBGF-la, or any other active form of HBGF-1, 
can be purified from natural sources, from genetically engineered cells that 
express HBGF-1 or a derivative thereof, or by any method known to those of 
skill in the art. 

HBGF-ip has been prepared using recombinant DNA methodology (Jaye 
etaL, U.S. Patent No. 4.868,113; Jaye etal.,J. Biol. Chem. 262:16612-16617 
(1987)). 

In addition to HBGF-1, other growth factors that may be added to the 
chitin hydrogel include, but are not limited to, HBGF-2, IGF-1, EGF, TGF-p, 
TGF-a, any platelet-derived growth factor or extract, BMPs, and mixtures of 
any growth factors. For example, platelet-derived extracts, which serve as rich 
sources of growth factors, may be added to the chitin hydrogel in addition to 
or in place of other growth factors, such as HBGF-1. 

In a preferred embodiment, a platelet-derived extract, prepared by any 
method known to those of skill in the art, is added to a chitin hydrogel. Such 
an extract has been prepared from plasma derived platelets for use with chitin 
hydrogel. Platelet-derived wound healing factor (PDWHF) may be prepared 
and added to chitin hydrogel (Knighton et al. . Ann. Surg. 204:322-330 (1986)). 



WO 96/41818 



PCT/US96/10146 



-34- 



T~ ° fG " m "' F ™"'~ cmn Hm/rogel 

The chtnn hydrogels conBmplated for UM • 

some of which may interfere whh te bjo 

compound, snch as „ m ^ . ™> 

■nterfere w„h or destroy the hioiogica, acIiviry of ^ ^ ^ " 
Selection of the panics inhibiting compound ^ 

v.<y of the gr„ wt „ factor in fc chi( . n hydroge) ; 
btoiogtcal acvhy are known ,o chose of skiH in the ar, 

a«.v„.es . ma, be necessary to inclnde compounds Oun potentiate or mediate 

The suppiemented chinn hydroge. o, the present invention may contain 
hu, are not toned t0: mIibiotfcs ^ „ ^ 

ntetrontdazole. anticoaguUms. snch as activated prot e m c " 

- piasnunogen activator; steroids, snch as depone. UfcJ^ 
pmstacychn. prostagia,*, ieukouienes and/or ^ ,„ ^ 
cardtovascuiar drugs, snch as caicium Oanne, Hookers: chemoanmcams. Z 
anestheocs such as bupivacaine: and aotiproiiferativCandntntor drugs so hi 
5-nuoroumcd (5-FU, and/or to otere: neurotoxins and the „ke xle 
suppiemen* compounds moy als0 mc.de po.yc.ona, monociona, or chilt 
ant.hod.es, or tocdona, derivadves or fragments thereof . 
autt.od.es which, for examp.e. inhihi, smooth muscie ^ * 

~es to PDOF, and/or TGF-p, or the pro„fe nIi o„ of other undeTi ab^ 
W " Withi - ~ ^ - ^ — - - chto hydroaeT Z 
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antibodies can also be useful in situations where anti-cancer, anti-platelet or 
anti-inflammatory activity is needed. In general, any antibody whose efficacy 
would be improved by site-directed delivery may benefit from being used with 
this chitin hydrogel delivery system. 

Assays for Assessing the Wound Healing Properties of a Growth Factor 
Supplemented Chitin Hydrogel www factor- 

In order to ascertain whether a particular growth factor-supplemented 
chitin hydrogel promotes wound healing and to select optimal concentrations 
of the growth factor to do the same, the composition may be tested by any 
means known to those of skill in the art (see, e.g. , Tsuboi et al., J. Exp. Med 
772:245-251 (1990); Ksander et al.. J. Am. Acad. Dermatol. 22:781-791 
(1990); and Greenhalgh et al.. Am. J. Path. 756:1235 (1990)). Any method 
including both in vivo and in vitro assays, by which the activity of the selected 
growth factor in the chitin hydrogel composition can be assessed may be used. 
For example, the activity of HBGF-ip may be assessed using two independent 
in vitro assays. In the first, the proliferation of endothelial cells that had been 
suspended in a shallow fluid layer covering a plastic surface which had been 
impregnated with growth factor-supplemented chitin hydrogel is measured. In 
the second, the incorporation of ^-thymidine in cultured fibroblasts in the 
presence of HBGF-1 is measured. In an in vivo assay, a chitin hvdroeel 
supplemented with HBGF-ip is tested for its ability to promote healing in vivo 
using mice as a model system. 

The ability of the growth factor-supplemented chitin hydrogel to induce 
cell proliferation and to recruit cells may also be assessed by /„ vitro methods 
known to those of skill in the art. For example, the in vitro assays, described 
above for measuring the biological activity of growth factors, may be used to 
test the activity of the growth factor in the chitin hydrogel composition. In 
addition, the effects of adding inhibiting and/or potentiating compounds can 
also be assessed. 
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Generally, the necessity for addtag inh 

» moF-: a d prmec , it from cenafa proteo)ytjc acdvjiiM ^ ^ ^ 

HBGF-l-sup P leme„.ed chidn hydroge,. The addition „ f reIaUvely , ow 
eventrations of heparin protected HBGF-ip ta cleavage ^ 
• bto.og.ca! activity in to chitto hydrogel. Therefore, chitin hydroge, com 
P~- - include HBOP, may incrade heparjn „ some ^ 

components of the chitin hydrogel. 

from d S T' y ' aW ' i,y °' ' SeleCKd inhiWt0r '° «"« « «~* '-tot 

m :: d r by cl,i,in hydrogEi c ° mponenK may * — - * - 

method known to those of skill in the art. 

ft can also be empiricaUy determined whether a panicnlar compound can 
be used to potentiate, mediate or enhance the hiologica. activity of a gmwm 
factor in chitin hydrogel. 

Prior to cuntcal use, the growth factor and chitin hydroael. or the 
grow* factor-supp,emented chitin hydrogel is pasteurized or otherwise tt ea«d 
to tnaenvate any pathogenic contaminants therein, such as vi™se s Methods for 
■nacrivatrng contamlnan* are we„-know„ ,„ those of skH, in T^Z 

.but am no, Itaittd ,„. mtmm ^ _ ^ ^ ^ 

(see, e.^.. Tabor et al. . Tlirombosis Res. 22-233-238 Hqri * ^ . 

„„, t > ■ -238 (1981) and Piszkiewicz 

era '-' Transfusion 25:198-199 (1988)). 

_ IT* supplemented chitin hydrogel is apphed directly to the wound, other 
^oromerdesired ■ccadon. TypicaUy for externa, worn* 1, can he applied 
*«* by any mea.. indudlng spraying on top of the wound. > can also he 
^ -h as during a surgical procedure. When 1, is apphed 

mttrnaHy, such as to bones, dte clot gradually dissolves over Ume 
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Preparation of Antimicrobial Compositions 

The antimicrobial composition, or mixtures thereof, used to supplement 
the chitin hydrogel. may be prepared by any method known to those of skill in 
the art or may be purchased commercially. 

Preparation of Plasma Proteins 

The plasma proteins, or mixtures thereof, used to supplement the chitin 
hydrogel, may be prepared by any method known to those of skill in the art or 
may be purchased commercially. In particular, such plasma proteins will 
include thrombin-sensitive blood cloning factors, such as Factor IX. 

Preparation of Antibodies 

The antibodies, or mixtures thereof, used to supplement the chitin 
hydrogel, may be prepared by any method known to those of skill in the art or 
may be purchased commercially. 

Preparation of Cytotoxins or Cell Proliferation Inhibiting Compositions 

The cytotoxins or cell proliferation inhibiting compositions, or mixtures 
thereof, used to supplement the chitin hydrogel, may be prepared by any 
method known to those of skill in the art or may be purchased commercially. 
The cytotoxin or cell proliferation inhibiting composition may act as an 
alkylating agent, enzyme inhibitor, proliferation inhibitor, lytic agent, DNA 
synthesis inhibitor, membrane permeability modifier, DNA intercalator, 
metabolite, mustard derivative, protein production inhibitor, ribosome 
inhibitor, inducer of apoptosis. angiogenesis inhibitor, neurotoxin, and the like. 
More specifically the cytotoxin or cell proliferation inhibiting composition 
delivered by the chitin hydrogel may include, for example, 5-fluorouracil 
(5-FU), taxol and/or taxotere, actinomycin D. adriamycin. azaribine. 
bleomycin, busulfan, butyric acid, carmustine. chlorambucil, cisplatin, 
cytarabine, cytarabine, dacarbazine, estrogen, hormone analogs, insulins, 
hydoxyurea, L-asparaginase. lomustine. melphalan. mercaptopurine. 
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m.tomycin c, prednisone, prednisone. pr0carba2jlle ^ 
streptozotocn. t es,_. thioguanine. fticepa. tributyrin. vinbIastme 

— . „„. carboplatin cvclophosphamide 2' 

™ — * "id. rich, diphtheria Ioxoid , venomj o 

other plasm mogen deriva , jves and e(jujvai£nt ^ ^ 

dress' T" hydr08el ^ f0rmUlattd M ' wound 
urasstng. or bandage. ^ ^ or . 

« „„ advanced ttchnjca , taowledge ^ sm w operaK fc • 
self-adnumstered as an emergency firs, aid measure. 

The selfcomained cninn hydroge,-co„tami„ g wound dressing or 
■»*•.» an advancemen, over the cur™ technology in that a. field _ dy 
™on is inexpensive and can be storad for long periods, and be used to 
P-v.de ^raptd chitin hydroge, treatment of a ,_ gtag ^ 
orne delay associaKd wim solubilization and mixing of me component These 
*™. when combine with a bemosraric composition ma*e i, idea, for 
use » field appbeauons. such as in trauma packs for ^ 

«—» by emergency room personnel in hospirais and Cinics. particularly 
Asma Ure r Si onmaya I sobaveu tUi ,y inflrst P aidkitsfo 
use by the general public or by medical practitioners 

,' n,e t Self - COntained *>*> h ^e. wound dressing or chitin h ,d rog e.- 
nramurg bandage comprises a tis sue sealing composition comprise a chfil 

~ r PleX ' ^ ^ " — *- « ** ~ea wim 

it- t* asem ' "* " 8taen,dehyde - peg — — *• » 

succnudyl succinare or PEG succimidyl propionate. 

When used on human patients, the components are most preferably 
pa^ctivated, p „ rified components, m pa„ ic u,ar. the componenrs o 
me present mvennon. including additives thereto. are treaKd 
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detergent/solvent. and/or otherwise treated, e.g., by pasteurization or 
ultrafiltration to inactivate any pathogenic contaminants therein, such as 
viruses. Methods for inactivating contaminants are well-known to those of skill 
in the an and include, but are not limited to. solvent-detergent treatment and 
heat treatment. Solvent-detergent treatment is particularly advantageous in that 
the proteinaceous components are not exposed to irreversible heat-denaturation. 

The chitin hydrogel can be. but does not have to be, supplemented in 
each of the following embodiments with one or more growth factors, drugs, 
inhibiting compounds (to inhibit the activities of the hydrogel that may interfere 
with any of the biological activities of the growth factor or drug), and 
potentiating compounds (to potentiate, .mediate or enhance any of the biological 
activities of the growth factor or drug), compounds which inhibit the 
breakdown of dyes. 

The growth factor may include, e.g., fibroblast growth factor-1, 
Fibroblast growth factor-2 and fibroblast growth factor-4; platelet-derived 
growth factor; insulin-binding growth factor-1: insulin-binding growth factor-2; 
epidermal growth factor: transforming growth factor-a; transforming growth 
factor-P; cartilage-inducing factors -A and -B; osteoid-inducing factor; 
osteogenin and other bone growth factors: collagen growth factor; heparin- 
binding growth factor-1: heparin-binding growth factor-2; and/or their 
biologically active derivatives. 

The drug may be an analgesic, antiseptic, antibiotic or other drug(s), 
such as antiproliferative drugs which can inhibit infection, promote wound 
healing and/or inhibit scar formation. More than one drug may be added to the 
composition, to be released simultaneously, or the drug may be released in 
predetermined time-release manner. Such drugs may include, for example, 
taxol, tetracycline free base, tetracycline hydrochloride, ciprofloxacin 
hydrochloride or 5-fluorouracil. The addition of taxol to the chitin hydrogel 
complex may be particularly advantageous. Further, the drug may be a 
vasoconstrictor, e.g., epinephrine; or the drug may be added to stabilize the 
chitin hydrogel seal. e.g.. aprotinin. The supplement(s) is at a concentration 
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in the chitin hydroge, such that ., win be effective for its 
e.g., an antibiotic win inhibit ^ growth of ^ ^ ^ 



pain, etc. 



Dyes, markers or tracers ma y be added, for example, to indicate the 
-en, to which the chitin hydroge, may have entered the wound, 0 r ,o measure 
Ute subseouen, resotption of the chitin hydroge,. or the dye may be re,eased 
ftrtm dte chitin hydtnge, in a predetermined. ti me-re,ease manner for diagnosdc 
purposes. The dyes, markers or trace, mas, Dc physiologically compatible 
and may be selected from colored dyes, including water so.ubie dyes, such as 
tduidine bine, and radioactive or fluorescent markers or tracers which are 
known in the an. The dyes, markers or uacers may a,s„ be compounds which 
may be chemically eou pl ed to one or mote components of the chitin hydroee, 
In addition, the marker may be selected from among proteinaceous maters 
watch am known in me art. which upon exposure to proteose degradation 
such as would occur upon exposure to proteases escaping tam wounded ^ 
change color or develop a color, the taenshy of which cai] ^ 

Moreover, when me chitin hydrogel is used to teptace or repair 
wounded or damaged bone or ossified tissue, the composition may also be 
supplemented with effecdve amounts of deminetahzed bone matrix and/or bone 
motpbogenic proteins, and/or their biologically compatible derivatives 

anonofmeeh,U„hyd ro geland/orhydratmgage„,(s) 0 fd K 
^If-comatned chitin hydroge, wound dressing or chitin hydrogel bandaae mav 
have a sigmficant effect on the density and setting time of me ^ ^ 
Una prmciple may be used ,„ satisfy specific uses „, the self-contained chidn 
hyd ro gel-contai»ing wound dmssing or bandage in specialized situations For 
example, the treaoten. of an arterial wound may require me chitm hydros, 
sea, to set vety rapidly and with sufficient integrity to withstand ptessm™, 
Wood flow, on the other hand, when fining deep crevices in a wound 
treatment may require the components to fil, the wound completelv befote the 
chitm hydrogel seal sets. 
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The Gel Pack Embodiments 

In the gel pack embodiment of the self-contained dressing, the chitin 
components and hydrating agent components are individually contained in 
independent quick-evaporating gel layers {e.g.. methylcellulose/alcohol/water). 
wherein the two gel layers are separated from each other by an impermeable 
membrane, and the pair are covered with an outer, protective, second 
impermeable membrane. The bandage may be coated on the surface that is in 
contact with the gel in order to insure that the gel pad remains in place during 



use. 



In use, the membrane separating the two gel layers is removed, allowine 
the two components to mix. The outer membrane is then removed and the 
bandage is applied to the wound site. This results in a natural inhibition of 
blood and fluid loss from the wound, and establishes a natural barrier to 
infection. 

In a similar gel pack embodiment, both the hydrating agent, and the 
plastic film separating the chitin components and the hydrating agent, may be 
omitted. In operation, the outer impervious plastic film is removed and the 
bandage applied, as previously described, directly to the wound site. The fluids 
naturally present at the wound site then hydrate the chitin components to form 
a hydrogel. 

This alternative embodiment of the gel pack has the advantage of being 
simpler, cheaper, and easier to produce. However, there may be circumstances 
in which a patient's wounds have insufficient fluid to effectively transform the 
chitin components into a hydrated gel. In those cases, the hydrating agent must 
be exogenously supplied, as in the earlier-described gel pack embodiment of the 
invention. 

The Chitin Hydrogel Bandage Embodiments 

A chitin hydrogel bandage embodiment is formulated for releasing a 
necessary supplement to wounded tissue in a patient, wherein the bandage 
comprises, a layer of dry materials comprising an effective amount of chitin or 
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» derivative ,o upon hydration form a hydrogel. wherein Ute ,aver of dry 
materia* is affixed to the wonnd-facing surface of the bandace In onc 
embodunent. the ccciusive backing ^ the physioiogicaHy-acceptaWe adhesive 
layer are one and the same, if the backing ,ayer is sufficiently adhesive to 
effectively hind the layer of dry materials. 

In another embodiment, a removable, waterproof, protective film is 
Placed over the layer of dry materials and the exposed adhesive surface of the 
bandage for long-tcrn, stable storage. In operation the waterproof. pn)Kcdve 
ftlm ,s removed prior to me application of me handage over the wounded 
tissue. 



The chttin component of the bandage in one embodiment is activated a. 
Ute ntne the bandage is appfied to the wounded tissue to form a chitin hvdroael 
by the patient's endogenous fluids escaping from .he hemorrhagic wound 
Preferably, the chitin hydroge! is hydrated and fluid loss from the wound wil, 
be significantly diminished within tntautes of appHcation of the baMage to the 
wonted tissue. Although me speed with which the chiUn hydroge. forms and 
sent may he to some degree dicrated by .he applicauon. e.g. . rapid sen™ for 
arierial wounds a™, hemorrhaging tissue damage, slower sening for treaunen, 
of wounds to bony tissue, preferably the chitin hydrogel wU, fonn within 
twenty minutes after ,pp licali on. More preferably, this effect win be evident 
wthm ten minutes after applicauon of the bandage. Most preferab.y. the chitin 
hydroge! wil, form „ iIhi n two to five minutes after appHcation. In the 
embodunen, comprising rhe most rapidly forming chirin hydrogel win fc 
subshmda.,, fornted within „ minut e S . mor e preferably within , mtane. and 
most preferably within 30 seconds after application. 

I. may be necessary to use pressure in applying th e chi[in hydroeel 
bandage until rhe chitin hydrogel has formed over the wound site 

In the atemative. in situations where fluid loss from rae wound is 
...sufficient to provide adequate hydration of the dry chitin components, or 
where ume is of the «sence. as in a Hfe-threarening station, the chiun 
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hydrogel is hydrated by a suitable, physiologically-acceptable liquid prior to 
application of the bandage to the wounded tissue. 

To construct the bandage, the dry materials may be obtained, for 
example, by lyophilization or freeze-drying. or suitable, commercially-available 
materials may be utilized. The binding of the dry materials to the adhesive or 
backing layer may be enhanced by adding a binder, preferably a water soluble 
binder, to the dry components. 

The backing of the chitin hydrogel bandage may be of conventional, 
non-resorbable materials, e.g. , a silicone patch or plastic material; or it may be 
of biocompatible, resorbable materials, e.g., chitin or its derivatives. The 
backing material may act as more than a delivery device. Its preferred 
composition is determined by the desired application of the chitin hydrogel. 
For example, a non-resorbable backing is appropriate for many external uses, 
where it provides strength and protection for the chitin hydrogel. In an 
alternative embodiment, the non-resorbable backing is reinforced, e.g., with 
fibers, to provide extra strength and durability for the protective covering over 
the chitin hydrogel. 

Subsequent removal of the clot with the backing is acceptable in many 
situations, such as when the chitin hydrogel bandage is used as a first aid 
measure until medical assistance becomes available. 

In the alternative, the non-resorbable backing may be used to provide 
strength to the tissue sealing chitin hydrogel seal during its formation, e.g., 
when the hemorrhaging fluids are escaping under pressure, as in an arterial 
wound. Yet, if such a wound is internal, it is advantageous to remove the 
backing from the chitin hydrogel without disturbing the established hydrogel 
matrix. Therefore, a chitin hydrogel bandage is provided in which the adhesive 
layer is of a material having a lower tensile or shear strength than that of the 
chitin hydrogel, permitting removal of the backing without damage to the chitin 
hydrogel seal or the tissue surrounding the wound. 

By comparison, certain internal applications mandate the use of a 
resorbable backing to eliminate the need for subsequent removal of the 
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rt ma,eria ' b °" ^ * *« — <T or 

by the body ,„, 0 componenK whjch arc consumed or ei . mtatai ^ such 

s .0 no, siiniflcail[ly iraerfere ^ heal . ng and/or ^ ^ 
or foncuon, and without causing a „ y other 

preserved Materia, suitaMe for prepay the biodegradable ^ 
- ude protetaaceous substances . ^ ^ ^ ^ ^ - 
carbohydrate derived substances ^ carboxymethylcelMose or q 
and/or ^ biologica| , y compat(ble dcrjvatives ^ • 

r=sorbab!= raKrial raay be ^ |ayer of chjiin ^ ch .. n hydroKi 

The adhesive ,ayer. if KparaIe from , he 
se,ected o„ the has, of the inKndEd appIicaIion of ^ ^ J ^ _ 
compnse convention, a d hesive ,na ttrials . AnIiseptjc fc ^ 
adhesive layer. 

If .he dssue seahng chidn hydrogeI „ to te „ ^ ^ 
w«h *e occ.us.ve baCong. such ls prior „ m ± 
s"fflc,ent ,o amx the dly mattrial Iayer t0 ^ ^ 

■nauttatn „ adhes.vc capabHity ate hydradoo which is greaKr .han .he Kmfle 
or sheer slrengths of chitin hydrogeI. 

If d* .issue seahng chidu hydroge, is to remain in position over the 
wound, hu, the ocCusive hacking mU s, he removed ate apphcado, the 
adhes.ve nuts, he sumCendy sdck, to afBx the dry ma.e ri a, ,ayer ,o U,e 

*e adhestve iayer may he of a materia, which heco m es so.ubihaed or ,ess 
sucky dunng hyomion „„he dry materia.*, pennitting remova, of me backing 
- - chidn hydroge,. In the a,.eradve for such purposes. the dry „ 
'ay«»ayh., ffi «d d i rc c,.y, 0 d K occlusive btmdaee 

adhesive! 7^ "* « Cerent 

dtsturbmg the ussue sea.bg chidn hydroge,. TypicaHy. in such a siutation the 
dry, Chtttn hydroge, „ a fflxed „ . ^ regio „ ^ £ 
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region." e.g., the center, with an unencumbered area of adhesive extendine 
beyond the area of dry material, the "outer region." 

The outer region of adhesive is affixed directly to the skin or tissue 
surrounding or adjacent to the wound in such a way that the dry material region 
of the bandage forms a chitin hydrogel directly over the wound. The adhesive 
layer on the region of backing which is not covered by the dry material layer 
of the bandage is sufficient to affix the chitin hydrogel to the tissue surrounding 
the wound until its physical removal. The adhesive on the outer region must 
be sufficient to hold the bandage in place, even if fluids are hemorrhaging from 
the wound under pressure, e.g., an arterial wound. 

The inner region of adhesive is sufficiently sticky to affix the dry 
material layer to the occlusive backing, but yet have an adhesive capability after 
hydration which is less than the tensile or sheer strength of the chitin hydrogel. 
In the alternative, the inner region of adhesive is of a material which becomes 
solubilized or less sticky during hydration of the dry materials, permitting 
removal of the backing from the chitin hydrogel. In the alterative for such 
purposes, the dry material layer may be affixed in the inner region directly to 
the occlusive bandage, with an adhesive layer added only to the outer layer. 

Thus, in the two adhesive embodiment, the backing of the chitin 
hydrogel bandage remains in place affixed to the tissue surrounding the wound 
until the bandage is physically removed. But upon removal, the backing 
separates from the chitin hydrogel without disturbing matrix attached to the 
wound. 



The Dual-Encapsulated Embodiments of the Chitin Hydrogel 

In yet another embodiment of the chitin hydrogel bandage, an 
independent hydrating layer comprising an effective amount of carbonated 
water or physiologically-acceptable buffered hydrating agent, such as PBS, or 
comparable gel, is contained within a rupturable, liquid-impermeable container. 
The rupturable, liquid-impermeable container encapsulating the hydrating layer 
is affixed directly to the above-described occlusive bandage layer or to the 
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described adhesive ,ayer adjacent to the occlusive bandaee. Affixed to 
the exposed side (the side whieh is not attached to the backine or adhesive 
layer) of the ntprurable. liquid-impermeable container encapsulate the 
hydratmg layer is a dry layer of finely-ground, powdered chitin 

The dual layers (the dry layer and the hydrating layer, are rotrether 
covered on all surfaces „„, „ conrac, with the occlusive backine or adhesive 
material affixing dre layers to the occlusive backing, with an ourer. protective 
second impermeable membrane. Thus, in rh is dU aHayer embodiment ^ 
cements are entirely encapsulated within an impermeable container, wherein 
one side is „e cccmsive backing material and me other side and all edaea are 
formed by the ourer. protective, second impermeable membrane. 

In operation, the inner liquid-impermeable container encapsulatine the 
hydrating layer is physically ruptured , 0 release me hydratina materia, 
contained therein into the dry chitin layer, resulting i„ a fully-hydrated chitin 
hydroge, ,o provide a namral barrier to infection. The ourer, second 
unpermeable membrane reams me re!eased hydraring materia, in conracr with 
UK dry components unti. a maJleable hydrated chirm hydrogel complex forms 
at Which time me outer membrane is physicaHy removed and the bandaae 
placed over the wound. 

In the alternative, the outer membrane may be physically removed, and 
me dua, ,ayers forcemUy apphed to me wound area in a manner which tuptures 
me mner liquid-impermeable comainer and mteaaea me hydmting agent torn the 
dry chttin components to form a chitin hydrogel complex directly on rhe 
wounded tissue. 

As in other embodiment of the chitin hydrogel bandage, the selecred 
adbesives and backing materials may be determined by me mrended apphcadon 
of me bandage. The backing may be removable or resorbable, and the adhesive 
may have the intended purpose upon removal of the bandage of removing me 
chitin hydrogel tan the wound, or of leaving me chitin hydroge, undisturbed 
The adhesive may be a separruely bound layer, or the backing may itself ae, as 
an adhesive to affix the dry chitin hydrogel. 
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Additives. such as the previously disclosed growth factors, antibiotics, 
antiseptics, antiproliferative drugs, etc. may also be included in this 
embodiment of the chitin hydrogel bandage. 

If the hydrating layer contains a liquid supersaturated with gas, the dry 
material layer will be hydrated as an expandable, foaming, chitin hydrogel. In 
the alternative, the dry material layer may be supplemented with materials 
which produce gas, and hence foaming, upon contact with the hydrating agent. 

If the hydrating layer is in the form of a gel, such as a quick-evaporating 
gel layers (e.g., methylcellulose/alcohol/water), the rupture of the surrounding 
impermeable barrier permits the dry chitin components to directly contact the 
hydrating layer as disclosed above to produce the chitin hydrogel. The eel 
layer, in the manner described for a liquid hydrating layer, may comprise any 
one, or all, of the above-disclosed additives. 

In an alternate dual layer embodiment, the chitin hydrogel is delivered 
as a wound sealing dressing, which need not be affixed to a backing. The 
components are organized essentially as a capsule within a capsule, wherein the 
term capsule is used to define a broad concept, rather than a material. The 
above-described encapsulated hydrating layer is itself contained within a second 
encapsulating unit, which contains both the dry chitin and the encapsulated 
hydrating layer. 

In operation, the inner, liquid-impermeable container encapsulating the 
hydrating layer is physically ruptured to release the hydrating material 
contained therein into the dry chitin component layer, both of which remain 
completely contained within the outer, second encapsulating unit. The integrity 
of the outer, second encapsulating unit is not broken when the inner container 
encapsulating the hydrating layer is physically ruptured. 

The mixing of the hydrating layer with the dry chitin components within 
the outer encapsulating unit results in a fully-hydrated hydrogel, which is then 
released or expelled onto wounded tissue. To release the chitin hydrogel mass, 
the outer encapsulating unit is physically cut or torn, either randomly or at a 
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specific location on the surface e a tn 

rh „ mCe - e ' g - ' 10 foTm a P° ur Wt to direct the flow of 

the malleable chitin hydrogel onto the wound site. 

If the hydrating la yer „ a agent supersaturated ^ ^ ^ 
the hydrating agent with the dry chitin hydrogel components results 
expandable foaming mixture, which is then applied to the wounded tissue The 
foaming may. in the alternative, be achieved by hydration of the drv component 



The Self-Foaming Chitin Hydrogel Embodiments 

A self-foaming chitin hydrogel dressing embodiment for trearine 
wounded tissue in a patient is formulated as an expandable foam comprising a 
hydrogel-fo^ amount of chitin or its derivatives The previously described 
chitin hydrogel components are stored in a canister or tan, with a pressurized 
Propellant. so that the components are delivered to the wound site as an 
expandable foam. 

Accept formations of the expands foam embodiment provide 
•he hydmred components of a chitin hydroge , whjch 

nventy-foh,. The exre„, of expansion of the chitin hydroge,, however is 

determined by its intended application. 

For examp,e. use of the expandable foam chitin hydrogel dressunt 
■ ft. ahdo ra en provides a chitin hydroge, ,o provide a harrier to infection 
wht,= re.eas.ng a necessary su P p,ement. „ owever , „ ^ m 
expanse of the foam must be COMroUcd „, prevsm ^ 
unpaged tissue, organs or Wood vessels. Snch a Nation raa y warrant te 

se of an expandabie foam dressing in which the expansion is .United to onty 
l- or 2-fold, and not more than 5-10 fold. 

^ By comparison, use of the expa*,ab,e foam chitin hydroge, dressing to 
All gaps within bone, may wan™, the use of materia, which expatx* a, a much 
g^er rate to produce a tight and Ann seal over the wounded area. The extern 
of the expansion of such materia, may be in the range of above 20-,o,d 
ahhough preferabfy ,0-20 fo.d. or more pre ,erab,y 5 - I0 , 0 ,d. An Mpansion 
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of less than 5-fold, including 1- to 2-fold may also be appiicable to repair of 
blood vessels or injured bone, for example in small areas, such as the inner ear 
Such an application is particularly suited to the delivery of neurotoxins to the 
middle ear for the treatment of Meniere's disease. 

Like the expansion rate, the set-up time for the formation of the chitin 
hydrogel using the expandable foam chitin hydrogel dressing is also related to 
its intended application. Although a S et-up time of under 1 minute is 
appropriate, set-up times of 1-2 minutes, or up to 5 minutes would be 
acceptable. In circumstances recognizable to one of ordinary skill in the art 
a long set-up time of 5-10 minutes, or even up to twenty minutes, may be 
acceptable in non-life threatening situations. 

The delivery devices, e.g., canister, tank, etc., may be developed 
especially for the present application, or they may be commercially available. 
The canister may comprise either a single or multiple reservoirs. Separate 
reservoirs, although more expensive, will advantageously permit the hydrated 
components to remain separated and stable until they are mixed upon 
application. 

The propellant must be physiologically acceptable, suitable for 
pharmacological applications, and may include conventionally recoenized 
propellants. for example. C0 2 , N. . air or inert gas, such as freon/under 
pressure. In the alternative, the dry chitin hydrogel components may be 
supplemented with material(s) which produce gas, and hence foaming, upon 
contact with the hydrating agent. 

Since delivery pressure of the expandable foam chitin hydrogel dressing 
from the delivery device, when combined with the composition of the chitin 
hydrogel itself and its set-up time, determines the extent of expansion of the 
dressing, the delivery pressure is determined by the nature of the wound being 
treated. Pressure of 1 atmosphere, or less (14.7 lbs/inch*) will provide a low 
level of expansion and a slower rate of delivery. However, certain situations 
may warrant a delivery pressure of 1-5 atmospheres, or more. In most cases, 
the delivery pressure chosen corresponds to that of commercially available 
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canxster devices. As an addition factor, the delivery pressure may be important 
to keep the hydrogel components from clogging delivery lines or devices. 

Finally, certain traumatic injuries will be best treated bv combinine 
several embodiments of the chitin hydrogel dressing. For example, in serious 
car accidents or injuries caused by antipersonnel-mines or explosives the 
wounds may be not only life-threatening but extensive, involvint: laree jagged 
openings in tissue or bone with significant internal damage, often with 
accompanying serious burns. Such wounds may present numerous severed 
arteries and blood vessels in addition to extensive areas of wounded tissue In 
such wounds, it may be advantageous to first liberally apply a hemostatic asent 
and then to wrap the entire area in an embodiment of the chitin hvdr"o e el 
bandage to support and protect the wounded area, and perhaps release a paL 
kilhng and/or antimicrobial composition and slow fluid loss with a 
vasoconstrictor. Such treatment is particutarly advantageous for patients who 
have suffered extensively burned tissue, until the victim can be transported to 
a medical facility, or until professional medical assistance can administered 
In most instances, additional formulations of the chitin hydrogel dressina will 
then be applied by the trained personnel for the long-term repair, treatment and 
protection of the injured tissue. 

The following examples are included for illustrative purposes onlv and 
are not intended to limit the scope of the invention. 

Examples 

Example 1 

Antibiotic Release from a Chitin Hydrogel 

The suitability of N.O-carboxymethylated chitosan (NOC-chitosan) was 
investigated as a delivery vehicle for local deposition of antibiotics NOC- 
chitosan was purchased from NovaChem (Halifax, Nova Scotia. Canada) 
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NOC-chitosan is water soluble, injectable, biocompatible and naturally resorbed 
by a mammalian host. It is formed by carboxymethlyation of biomedical grade 
chitosan. Tetracycline (free base) and ampicillin (free acid)(Sigma Chem., St. 
Louis. MO) and ciprofloxacin-hydrochloride (CIP) (Miles, West Haven, CT). 

Cylindrical pellets of uniform size (6 mm x 3 mm) were prepared 
containing 50 mg of tetracycline, ciprofloxacin or ampicillin. The in vitro 
release rates were monitored under two conditions : (i) agitation in a large fluid 
volume (infinite sink) and (ii) static within a small fluid volume (limited sink). 
Infinite sink and limited sink conditions approximate Lovely the highest and the 
lowest release rates expected in physiological settings. Implantation of matrix 
under a very limited flow situation such as within a bone is simulated in vitro 
using the limited sink model. Under limited sink conditions, tetracycline 
continued to elute effective (> 32 ug/ml. MIC for S. aureus is I to 10 M g/ml) 
concentrations of antibiotic for 42 days. While under infinite sink conditions 
the duration of release is at least 12 days (250 ^g/day). The release kinetics of 
ciprofloxacin under the limited sink conditions was similar to the tetracycline 
release kinetics with release rates greater than 800 /zg/day at the end of two 
weeks. These findings suggest that NOC-chitosan is an effective candidate for 
local antibiotic delivery for 2 - 6 weeks. 

Preparation of Matrices 

NOC-chitosan was dissolved in PBS (130 mM NaCl. 20 mM Sodium 
Phosphate at pH 7.2) at a concentration of 75 rag/ml (7.5 % w/v) to make a 
viscous hydrogel. A homogeneous mixture of NOC-chitosan was prepared by 
syringe-to syringe mixing. 

With 345 mg of antibiotic (tetracycline free base or ampicillin free acid 
or ciprofloxacin hydrochloride), 655 mg of NOC-chitosan gel was mixed by a 
syringe to-syringe mixing. The admixed drug-chitosan was placed in a 20 mm 
x 10 mm x 3 mm mold and pressed to form a slab. Disks were punched out by 
using a 6 mm biopsy punch. AH experiments were conducted with five 
replicates. To measure the amount of antibiotic loaded in these disks, the 



WO 96/41818 



PCT/US96/10I46 



-52- 



^btottc-NOOomrosan and Noc^hta^ disks werc suspe „ ded in 2 0 
-I of trypsm overnight. Disks di.so.vcd comply in ^ ^ solu[ion ^ 
•he suspense was diluted in PBS and concentre of antibfodcs we[>; 
analyzed as described below. 

/« Vitro Release of Antibiotic 

Antibiotic driven, was sounder two different conditions. I„ the 
unfed smk' .ode, a M volume of ^ „ ^ ^ * 

lori-'r^- — — The anflbiotic-NOC- 

h.tosan dtsks were placed into a „e„ of a 24 we„ sterile tissue culture pl ate 
fConung, Coraing . NY). PBS (2ml) was added to each we,, at time zero and 
^l3T°C W ^ completely immersed. All release measurements were conducted 
37 C. Button nufler was exchanged daily and analyzed to measure the 
concentrauon of anribioric released (described below, NOC-chitosan disks 
«,m no anubiolc were also tested under simUar condirions to ensure a zero 
base Itne ,„ me measurement of amibiorics by spectrophotomerer 

a^rio'" " ,nma ^ ra0de '-" ' toger r «— - continuous 
m n7 5 rc o T ^"^-o <"*■ -re suspended in 45 m, 
of PBS ,, a 50 ml centrrnrge rube kept a, 37'C ma, was inverted approximately 
20 tunes per mtnute. T^e buffer was exchanged dailv and analyzed for amoun 
of anttbtottc released. For borh .imited and unlimited sink conditions disks 
were visually analyzed for any signs „f erosion, swelling and disintegration 

Measurement of Tetracycline art Ciprofloxacin Concentrations 

The concentrations of tetracycline as well as ciprofloxacin were 
" * - 340 nm using a micropfcte reader (Molecufar 

Devtces SuIm yva,e, CA). A standard curve was prepared usi„ e t e tracvcline 

ISTT 7 *— * hydrcch,oride ^ — - ZoTo 

to 200 M g/ml Ampicillin was measured using BCA reaeenr ^ 

& reagent and measured at 
560 nm after complex formation. One mi of BCA reagem was mixed with 0 . 
m. of annbtottc so,uUo„ and incubated a, 37'C for 30 minutes. Absorbance « 
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560 nm was measured to quantitate the amount of ampicillin using a standard 
curve of known concentrations. When necessary the experimental samples 
were diluted with distilled water to be within the standard concentration range. 

Results 

Tetracycline delivery from NOC-chitosan disks is shown as a function 
of time in Figure 1. The amount of tetracycline in each disk was 50 mg ± 2 
mg. Initially, there was a burst of tetracycline released with 3.1 mg delivered 
on the first day and 2.9 mg on the second day. The release rates subsequently 
decrease after day 2 and levels between 2.4 - 1.3 mg were delivered between 
day 3 to day 15. The drug level further decreased after day 15 to 650 - 100 
Mg/day released between day 16 and day 37. In the sixth week (days 37 - 42) 
the amount of tetracycline released was above 65 Mg /day. The tetracycline- 
NOC-chitosan matrix showed no visual signs of erosion for first two weeks. 
The matrix started disintegrating in the third week and towards the fifth and 
sixth week the matrix was present in small pieces. The NOC-chitosan matrix 
containing no antibiotic showed visible signs of dissolution and disintegration 
after the first day and was completely dissolved on the second day. 

In order to determine the maximum possible release rate, tetracycline 
release data was obtained under infinite sink conditions, and are shown in 
Figure 2. The initial burst on day 1 released greater than 20 mg (40% of 
tetracycline loaded) of tetracycline. The release rate decreased dramatically 
after one day, however, the amount released remained above 2.5 mg/day for 
day 2 to day 5. The release rates further decreased after that and the release 
rate were greater than 250 M g/day for an additional 7 days. The matrix had 
some visible signs of disintegration at the end of 12 days. In contrast to this, 
the NOC-chitosan-only matrix dissolved completely in one day and no traces 
of matrix were left. Table 1 shows the time for disintegration of the NOC- 
chitosan disks and NOC-chitosan-anubiotic disks under limited and infinite sink 
conditions. The eluent from NOC-chitosan-only matrix in the elution buffer 
were also analyzed at 340 nm and no absorbance was found. 
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Table 1 . Time for disintegration of the FS and FS/antibi 



NOCC 

NOCC-Ciproflaxin 

NOCC-Tetracvcline 

NOCC-Ampicillin 



Limited Sin k 
2 days 

> 3 weeks 

> 3 weeks 



4 days 



Infinite Si nk 

J day 
Not Measured 
> JO days 



Not Measured 



Disintegrarion time measured by daily, visual taspecrion of djsks 
condr """"J! ^ " raKS Cipr ° fl0)taCin und « «— ** 

tr\ an,oun ' ° f ciprofloxacin ■*■*• ta "» — is 

Ptod - a mncrion of toe. The b ursrs on day , 

mg and 5.2 mg redely. After ^ second day> ^ ^ ^ 

subaranrrafty to ,. 2 .,. 0 mg/day fer day 3 ^ s After ^ ^ ^ 

above 60<Wday were observed forager 7 ^ NOC^hnosan confining 
crprofloxacin sbowed srgniftcan, signs of swe lling visib.y and dre m 2 

^ a ' Kred With — ■ ™ ,o this, NOChirosan-omy was 
comply dissolved in rwo day, At the end of 12 days dte endive amoun, 
of Ofloxacin release, was about 21.5 mg which is 43 % of a mo un. loaded 
The matrix still contained 57 % of the anribiouc. 

The • mT 4 ^ ** an " >iCi " in rcleaSt " mittd '—■*«. 

ine uuuaj burst on day 1 released is ^ ^ * . . 

ln,H h , £ ampiC,1Iln and ^1 the ampicillin 

loaded was released in first four H a „c m. • 

a fW * , mamX com P lete «y disintegrated 

after the release of all the antibiotic loaded. 

Discussion 

The objective of Una shrdy was to develop new techniques to de.iver 
anubrotrcs for long toe periods using a bioresorbable matrix as the delivery 
9~a We chose chilosan as the bioresorbable matrix and studied rhe release 
kmeuesofbroad spectrum andbiories. Earlier auemprs to use p,asrer of parts 
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(POP) and morselized bone graft matrix have met with limited success 
(Mackey, D. et al., Clin. Orthop. 767:263-268 (1982): McLaren. A. & 
Miniaci. A.. Trans. Soc. Biomater. 72:1-2 (1986)). In a more recent paper. 
Miclau (/. Orthop. Res. 77:627-632 (1994)) utilized morselled bone graft and 
plaster of paris as delivery matrices and measured the release kinetics of 
antibiotic tobramycin. For the case of bone graft they found 70% of the 
antibiotic eluted in 24 hours and trace amounts detected after 4 days. 
Seventeen percent of antibiotic eluted from POP in first day with only trace 
amounts detected after 4 days. 

Other previous attempts to obtain a long duration of antibiotic delivery 
from bioresorbable carriers have also met with limited success, resultine in 
delivery periods between 1 - 5 days (typically measured under limited sink 
conditions) (Goodson, J. et al.. J. Periodontology 54(10): 575-579 (1983); 
Greco, F. etal.. J. Biomed. Mat. Res. 25:39-51 (1991): Sakurai, T. et al.,J. 
Controlled Release 75:39-44 (1992)). 

In contrast, we formulated the antibiotic-matrix to exploit two 
characteristics that would contribute to a long duration of delivery. The first 
was the charge interactions between the drug and the matrix, and the second 
was insolubility of antibiotics. Tetracycline and ciprofloxacin are both 
positively charged antibiotics resulting from the large number of amine groups. 
NOC-chitosan has a net negative charge at physiological conditions (pH 7.4). 
It would appear that the opposite charges of NOC-chitosan and tetracycline, as 
well as ciprofloxacin, would result in strong electrostatic binding interactions. 

It has been shown before that electrostatic charge interactions can be 
used to retard the release rates of charged drugs (Singh, M. et al. . Proc. Inter. 
Symp. Control Bioact. Matter. 27:300-301 (1994)). Further, it has also been 
demonstrated that negatively charged matrices can be stabilized using ionic 
crosslinking with positively charged polypeptides (Singh. M.. Ph.D. Thesis: 
"Electrostatic effects on the release of polypeptides from collagen hydrogels," 
Univ. of Maryland, Baltimore County, Baltimore, MD (1994)). This current 
work supports the earlier study as evidenced by the fact that NOC-chitosan 
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there is a lot of fluid How and agitation. The data obtained using these two 
models provides estimates of the lower and upper ranges of release kinetics 
expected in a physiological setting depending on the site of implantation. 

When tested under limited sink conditions, tetracycline delivery was 
achieved for six weeks (amount of tetracycline released > 50 ^g/day). For 
most pathogens an effective tetracycline concentration is in the range of 1-100 
Mg/ml (Howard, B., Clinical and Pathogenic Microbiology, C.V. Mosby 
Company, St. Louis (1987)). For example, in the case of periodontal treatment 
the 10-20 ^g/ml level of tetracycline in the gingival crevicular fluid of patients 
was observed to inhibit the collagenase activity as well as bacterial growth 
(Golub. L. et al., J. Amer. Dental Assoc. 725:163-171 (1994)). For the case 
of osteomyelitis one of the main pathogens is S. aureus which is inhibited at 
tetracycline concentrations of 1-10 M g/ml (Gentry, L., Inf. Disease Clinics of 
North Am. 4:485-499 (1990)). At the end of 6 weeks, 20% of the tetracycline 
still remained in the disk under limited sink conditions indicating that it will 
continue to deliver even after 6 weeks. Under the infinite sink conditions, 
where the rate of dissolution is enhanced due to agitation, the amount of 
tetracycline releasing on the end of 12 days was 450 M g and only 10% of 
tetracycline loaded was remaining in the disk. Based on this one would expect 
a protection from bacterial infection for at least 12 days under the worst in vitro 
model conditions. Depending on the site of insertion of the matrix, the release 
rates can be expected to lie anywhere between these two limits. 

We expect minimum effective treatment duration of 12 days and 
maximum duration of at least 42 days based on our in vitro models. Similar 
results can also be expected for ciprofloxacin from NOC-chitosan matrices. 
Ciprofloxacin is highly effective against the osteomyelitis pathogens (AEC for 
S. aureus and P. aeruginosa are 0.5-1 jig/ml) and many clinical trials have 
confirmed the efficacy and safety of ciprofloxacin as a treatment for 
osteomyelitis (Gentry (1990), supra). 

For both the antibiotics, tetracycline and ciprofloxacin, an initial dump 
of antibiotics was observed during the first two days. Under limited sink 
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Example 2 

Thrombin-Sensitive Plasma Protein Release from a Chitin 
Hydrogel 



Factor IX (FIX) is a plasma glycoprotein that plays a pivotal role in 
blood coagulation. A congenital X-Iinked deficiency of biologically active FIX 
results in hemophilia B (Christmas disease), a potentially life-threatening 
bleeding disorder. The existing treatment is repeated intravenous infusion of 
FIX concentrate to stop bleeding episodes. The duration of replacement 
therapy varies from single injections for minor hemorrhagic events to multiple 
doses over a few weeks for major surgery. To date, prophylaxis has been 
achieved only through repeated intravenous injections, but litde has been 
reported on controlled release of FIX. 

This example utilized a commercially available, negatively charged 
derivitive, N.O-carboxy methylated chitosan (NOC-chitosan). Chitosan and 
NOCC hydrogels have large mesh sizes which provide little diffusional 
retardation for drug release. The mesh size can be decreased by combining 
negatively charged NOCC with positively charged poly lysine (PL) (Singh M., 
Ph.D. Thesis: Electrostatic effects on release of polypeptides from collagen 
hydrogels, Univ. of Maryland. Baltimore, MD (1994)) to retard the diffusional 
mobility of the diffusing species. The present example discloses the release 
kinetics of dextran (a model molecule) and FIX from NOC-chitosan and NOC- 
chitosan-PL matrices in vitro. 

Materials and Methods 

NOC-chitosan was obtained from NovaChem (Halifax. NS, Canada). 
Poly-L-lysine (PL) was purchased from Sigma Chemical Co. (St. Louis, MO). 
Dextran-fluorescein (DEXF. MW 70,000) was purchased from Molecular 
Probes (Eugene, OR). FIX was prepared by two chromatographic steps 
followed by immunoaffinity chromatography as described previously (Menache. 
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D- et aL, "Coagulation Facior IX (human)," i n Hemophilia and von 
Willebrand's Disease in the 1990S. Lusher and Kessler. eds.. Elsevier Science 
Publishers (1991). 

Methods 

A. Preparation of delivery matrices 

An 8% NOC-chitosan gel was prepared by suspendine 800 mg of NOC- 
chitosan in 9.2 ml of an isotonic e.ution buffer. NOC-chitosan E el (4g) was 
combined with 1 ml of DEXF solution (25 mg/ml) in the same buffer using 
synnge-to-syringe mixing. The resulting mixture contained NOC-chitosan (62 
mg/ml) and DEXF (5 mg/ml ). Using mis technique Noc ^ hilosan ^ me/m]) 
was prepared with the same concentration of DEXF. To prepare a composite 
matrix of NOC-chitosan and PL, 40 mg of PL was added to 1 ml of DEXF 
solution and mixed with 4 g of NOC-chitosan gel. NOC-chitosan matrices 
containing FIX (625 units/matrix) were prepared with FIX concentrate instead 
of DEXF. 

B. Release Experiments 

i- DEXF release experiment 

One ml of NOC-chitosan-DEXF admixed matrix was placed in a 4 ml 
cylindrical vial. /„ vitro release measurements were performed by placine 1 ml 
of elution buffer on top of the matrix and incubating the vial at 37"C The 
buffer was removed every 24 hours and replaced with fresh buffer DEXF 
concentration was detemined by comparing the Uv absorbance at 490 nm with 
that of a standard curve of DEXF. All release experiments were performed in 
triplicate. 

FIX release experiment 
FTX release experiments were conducted using two conditions: (i) no 
swelling/no erosion and (ii) swelling and erosion. A 0.45 m pore size filter 
msert (Millipore, Bedford. MA) was filled with 0.65 ml of drue admixed 
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matrix. For non-swelling conditions, a plastic cap was placed over the free 
surface so the matrix could not swell and drug could diffuse only through the 
filter. For swelling conditions, a plastic cap was placed over the membrane to 
permit matrix swelling and allow drug diffusion only through the free surface. 
Each filter insert was submerged in 5 ml of elution buffer in a 50 ml centrifuge 
tube. Every 24 hours the buffer was removed, replaced with fresh buffer, and 
analyzed for FIX antigen by ELISA and for FIX clotting activity by an one- 
stage APTT (Activated Partial Thromboplastin Time) assay. 

Results and Discussion 

FIG. 5 shows the release of DEXF from NOC-chitosan and NOC- 
chitosan-PL matrices. For NOC-chitosan (26 mg/ml). over 80% of the DEXF 
was released in 7 days, suggesting that diffusional resistance was low at this 
NOC-chitosan concentration (based on Fick's law). A higher concentration of 
NOC-chitosan (smaller mesh size) would be expected to release DEXF more 
slowly, and in fact we found that only 40% of the DEXF was released from 
NOC-chitosan (62 mg/ml) in 7 days. A composite of NOC-chitosan (62 
mg/ml) and PL (8 mg/ml) released DEXF more slowly than NOC-chitosan 
alone: only 25% was released in 7 days. 

The slower rate of release obtained from the latter two matrices is 
probably due to the combined effect of diffusional hindrance and increase in 
pathlength on swelling (Singh M., Ph.D. Thesis: Electrostatic effects on 
release of polypeptides from collagen hydrogels, Univ. of Maryland, Baltimore, 
MD (1994)). 

The molecular weight of FIX (56 kDa) is similar to that of the DEXF 
(70 kDa) employed here. NOC-chitosan at 62 mg/ml and NOC-chitosan-PL 
could thus be suitable for delivery of FK. We have not yet tested the swelling 
of the chitin hydrogel matrix, when it is implanted intramuscularly or 
subcutaneously. However, to determine the potential influence of swelling on 
release rates, we measured FTX release from these matrices under conditions 
of free swelling and no swelling. 
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FIG. 6. shows the release of FIX (625 units) from NOC-chitosan (6? 
mg/ m i)andNOC-chito S an-PL(62 mg / m , + i5 mg /ml) with and without matrix 
swellmg. The NOC-chitosan-PL composite matrix released FIX at a slower 
rate than NOC-chitosan aione. In al, cases, except NOC-chitosan-PL without 
swelling, all of me FIX was released within 2 weeks. The NOC-chitosan-PL 
matnx (no swelling) released only 60% of the FIX in 2 weeks, and additional 
slow release might be possible. For prophylactic treatment of hemophilia B at 
least 1% of normal FIX plasma levels are needed. In a 65 k e person 25 
units/day of Fix would be required to enter the blood stream FIG 6 
indicates that NOC-chitosan can maintain delivery above this level for at least 
5 days. The composite matrix can deliver amounts greater than 25 units for at 
least 9 days under free swelling conditions. The released samples were 
analyzed for Factor IX activity: the ratio of activity to antigen was 0.5-1.0. 

Conclusions 

In vitro data indicates that is possible to obtain bioloeically active FIX 
release from NOC-chitosan and NOC-chitosan-PL composite matrices over a 
penod of 5-10 days. Therefore, it is predicted that in vivo rele ase would be 
suffice to deliver biologically relevant FIX for prophylactic treatment of 
hemophilia B. 



Example 3 

In Vivo Release of Factor IX from a Chitin Hydrogel 

Based upon the successful in vitro data presented in Example 2 we 
tested the apparent ability to obtain the in vivo release of biologically acdve FIX 
from NOC-chitosan and NOC-chitosan-PL composite matrices over a period of 
5-10 days. Typically, the protein and polymers are mixed toeether in the 
following way: 4.5 gram of po ,y m er gel is placed in one syringe 70 me of 
freeze-dried Factor IX powder is placed in another syringe. The two svringes 
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are attached to pons of a three-way stopcock with leuriock connections, and 
mixing is performed by passing the materials several times from syringe to 
syringe. The mixed polymer-protein hydrogel is injected into a body 
compartment (intradermal, subcutaneous, intramuscular, intraperitoneal) for the 
purpose of providing sustained release of the protein and absorption into the 
blood stream. 

A preliminary short term in vivo experiment showed that 200 U of FIX. 
formulated alone or in NOC-chitosan and NOC-chitosan-PL composite 
matrices, and injected subcutaneous ly into an animal resulted in lower peak 
plasma levels (1 U/ml) than achieved by intravenous (56 U/ml) or subcutaneous 
(3.2 U/ml) injection of Factor IX alone. The peak plasma levels appeared later 
when the FIX was delivered in NOC-chitosan and NOC-chitosan-PL, and 
appeared to decline less rapidly. After 48 and 72 hours, the plasma levels of 
animals (mice) injected with FIX in NOC-chitosan and NOC-chitosan-PL 
hydrogels were 2 to 3 times higher than those of comparable animals treated 
with intravenous or subcutaneous injections of FIX alone. After 72 hours, the 
bioavailability of subcutaneous FIX was 16%. while that of FIX injected 
subcutaneously in NOC-chitosan and NOC-chitosan-PL was 5.5% and 8.7%, 
respectively. Thus, it would appear that subcutaneous release of Factor IX 
from NOC-chitosan and NOC-chitosan-PL hydrogels may provide practical 
prophylactic treatment for hemophilia B. 
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What is claimed is: 

1. A^Wonofmarerco^ 

2. The composition of maaer according „ daim 
comprising a least one growth factor and/or drug. 

3- The composition of matter according to claim 2, wherein the 
concentration of the growth factor is effective in promoting the direct 
migration of the animal cells. 

4- The composition of matter according to claim 2. wherein the 

concentration of the growth factor and/or drue is effective in „ 

heaJine g IS enect,ve »n promoting wound 

5- The composition of matter according to claim 2, wherein the 
™tion of the growth factor and/or drug is effective in promotin, the 

endothehahzation of a vascular prosthesis. 

6- The composition of matter according to claim 2. wherein the 

concentration of the growth factor and/or drug is effective in 

•vr, 5 " cuecuve in promotinp 

proliferation and/or differentiation of animal cells. 

7. A process of using the composition of matter accordin S to claim 
2 which comprises applying the composition to a surface. 

8- The process according to claim 7. wherein the surface is a 
wound and the concentration of growth factor and/or drug is effective to 
promote wound healing. 

9. The process according to claim 7. wherein the surface is a 
vascular prosthesis and the concen.ra.ion of growrh facer and/or d rae „ 
effecuve m promo,e me endothe.ia.iza.ion of me vascular prorhesis " 

10. A process for promoring the proliferation and/or differentiation 
dtrec, mtgrarion of animal ce„s comprising placing the ce lls in sufficiera 

ZZl IO 3 C ° mP0S " i0n 10 C ' ata 2 ' wh=rei " "* «— * 

7 *"* and/OT *"* iS » ™S *e P~.ifera.ion ^ " 

d.fferenuat.00 or desired direc. migration of the cells. 
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11. A dressing for treating wounded tissue in a patient comprising 
an amount of purified chitin or chitosan effective to produce a tissue-sealing 
hydrogel matrix upon hydration. 

12. The dressing according to claim 1 1 formulated as an expandable 

foam. 

13. The dressing according to claim 1 1 formulated as a bandage and 
further comprising an occlusive backing, affixed to which is a layer of dry 
materials comprising said effective amount of dry, purified chitin or chitosan. 

14. A composition of matter that promotes the delivery of plasma 
proteins, comprising applying or injecting by subcutaneous, intradermal, 
intermuscular, intraperitoneal or intravenous injection a chitin hydrogel which 
contains at least one plasma protein, whereupon the concentration is effective 
to achieve therapeutic levels in situ or in the blood stream in individuals who 
have congenital or acquired deficiencies or defects of the protein. 

15. The composition of matter according to claim 14, wherein the 
plasma protein is Factor IX and the concentration thereof is effective to achieve 
therapeutic levels in the blood plasma in individuals with Hemophilia B. 

16. The composition of matter according to claim 14, wherein the 
plasma protein is Factor VHI and the concentration thereof is effective to 
achieve therapeutic levels in the blood plasma in individuals with Hemophilia 
A. 
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